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W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 



WELL 1984 IS HERE 
It hasn’t turned out much like 
Orwell's book, thankfully. Ac¬ 
tually, these should be great 
days for hams. After all, here we 
are right in the early stages of 
the electronic revolution—some¬ 
thing amateur radio helped In a 
great measure to get started. The 
revolution has taken some 
twists, so only those hams with a 
flexible attitude have managed 
to keep up with what is going on. 
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Indeed. I find that I have to 
spend a good deal of my time 
just trying to keep up with the 
onrush of technology. This 
means talking with people, read¬ 
ing several hundred technical 
magazines a month as well as a 
few books, and getting to 
shows—a lot of shows. They are 
worthwhile for me because I can 
see the gear, ask questions, and 
learn more in a short time. 

Okay, you may want to know 


what the bottom line is of all this 
activity on my part. I'll tell 
you... take it easy. First, as far 
as amateur radio goes, you may 
suspect that all is not well. This 
is heyday time for the gloom and 
doomers, with ARRL member¬ 
ship dropping like a brick, more 
and more dealers going bank¬ 
rupt. more of our American man¬ 
ufacturers becoming invisible, 
and the sunspots diminishing. 

I prefer to look on the bright 
side. Here we have a new 
OSCAR up there begging for 
use. We have several new 
modes of communication beg¬ 
ging for activity such as packet 
radio, crossband repeaters, on- 
the-air bulletin boards—stuff 
like that. With low-cost com¬ 
puters and chips, experimenters 
have never had it so good. We 
can build circuits in an evening 
that would have filled several 
relay racks a few years ago—so 
let's have at it. You build 'em 
and I'll publish 'em—okay? 

You might like to know that 
we're seeing some progress 
with some of my other ideas. I'd 
like to prove what can be done In 
high-powered education—turn¬ 
ing out high-tech kids with a 
strong business education. If 
you think about it, you'll realize 
that this would be a way to give 
them a super start in a career. 
And there Is some progress with 
my idea for getting ham clubs 
started in every high school in 
the country. Despite the obvious 
need for technical people. I've 
run into more resistance with 
this idea than I expected. 

Now. in case you're inter¬ 
ested in an overview of tech- 
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Breakthrough in Boston: 
The Birth of Crosslinking 

W7 UKZ built this box. It's small and it works. 
The question is whether you're ready for it. 


David P. Allen W1UKZ 
19 Damon Road 
Scituate MA 02066 


A sage once said that a 
new idea is simply a re¬ 
arrangement of old facts. 
This is certainly the case 
with crosslinking: All of the 
ingredients are well known 
and no new technology is in¬ 
volved. But the effect of 
putting them all together in 
a new operating mode has 
proven to be extraordinarily 
exciting to all who have par¬ 


ticipated. Let me explain 
just what crosslinking is. 

Fig. 1 shows diagrammati- 
cally how crosslinking 
works. The basic idea is for 
an individual amateur to 
configure his low-band and 
two-meter rigs so that three 
operating conditions can be 
maintained: 

1) When the amateur keys 
his microphone, he trans¬ 
mits simultaneously on both 
a low-band frequency and a 
two-meter frequency. One 
microphone keys both rigs. 

2) When the amateur lis¬ 
tens, he pushes a button 
which feeds the audio out¬ 



Photo A. Front view of the logic box. 
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put of whichever band he is 
momentarily listening to in¬ 
to the microphone input of 
the other transmitter and 
keys that transmitter. 

3) When listening to a sta¬ 
tion on the other band, he 
pushes a button and re¬ 
verses that process. He may 
interrupt this back-and-forth 
flow at any time simply by 
keying his microphone. 

If this all sounds like a 
manually-operated repeater, 
you are almost right; howev¬ 
er, there are some very im¬ 
portant differences. A little 
background will help to ex¬ 
plain how this new operat¬ 
ing technique emerged. 

Background 

For the past five years, I 
have had the pleasure of 


conducting the East Coast 
Apple Net on forty meters. 
Every Saturday morning we 
gather at 9 am eastern time 
on 726 0 kH z to chat about 
computers in general and 
Apple computers in particu¬ 
lar. This has proven to be a 
very popluar net since so 
many hams are also com¬ 
puter enthusiasts. Because 
of the general popularity of 
computers, I have known 
for a long time that we have 
a "lurking," voiceless audi¬ 
ence of people who have an 
abiding computer interest 
but no amateur license. 
There are also many li¬ 
censed amateurs who do 
not have low-band privi¬ 
leges. 

"Why not," thought I, 
"conduct the net on both 40 
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Fig 1. Diagram of how crosslinking works. 




meters and 2 meters and on my way with an encour- 
thereby enable a wider par- aging endorsement for try- 
ticipation in the net?" There ing out a new operating 
did not seem to be any tech- technique. Who says the bu- 
nical reason standing in the reaucracy is never adminis- 
way of this evolution. Cross- tered with good judgment 
band operating is as old as and understanding! 
amateur radio itself, and I So, the decks were 
had all the hardware (al- cleared for action. But there 
most) necessary to try it. Just was still the problem of how 
one experiment with holding to oversee the net and to 
microphone to loudspeaker control the flow of transmis- 
showed two things: (1) It had sions. The three points de¬ 
great possibilities, and (2) a fined above seemed to de¬ 
missing black box was need- scribe all the elements of 
ed to make it work properly, the technique that I was 
That was the generating looking for. I wanted to be 
force for the "logic box," able to switch the audio to 
shown in Fig. 2. More about flow in either direction from 
that later. There was anoth- one band to another at any 
er consideration which time. I felt that a little mo- 
might offer a much greater mentary toggle switch 
handicap to carrying out would allow me to perform 
this idea It's called "FCC that function best And I 
rules and regulations." Ama- wanted to be able to break 
teur Extra class licensees into the transmission pat- 
would have no problem tern at any time with my 
with any conceivable per- voice, so my microphone 
mutation of operating fre- switch should override what- 
quencies, but how about ever mode was going on. 
lower-class licensees? If it One other corollary mode 
were illegal for a Technician comes about from pushing 
to join the net on two meters the mike button. When I 
and have his voice heard on finish talking, both rigs 
forty meters, then I was just default to the listening 
spinning my wheels with fur- mode so that I can monitor 
ther conjecture on this idea, both bands at any time. 

It obviously was time to go 
to the horse's mouth. Hardware 

Conversation with the ad- The circuit necessary to 
ministrators of amateur op- control both rigs turned out 
erations at the FCC in Wash- to be a little more compli- 
ington completely dissolved cated than I had thought, 

any apprehensions I had Fig. 2 shows the result, 

about the proposed operat- which I have called the logic 

ing procedure. All amateur box. Three relays are in¬ 
participants would be li- volved, one for each band 

censed for the frequencies control plus a third relay for 
upon which they were trans- my microphone keying and 

mitting and over which they to provide latching for the 

had control. All conversa- other two relays. Since the 

tion relayed by my facilities logic of the operating called 

was clearly covered in the for a momentary switch clo- 

definition of what I was li- sure to open rather than 

censed to transmit. I was not close the ground circuit of 

proposing a repeater-type the latched-up relays (a log- 

operation, which would be ic negative), I inserted a sim- 

both illegal on the low pie transistor switch to in¬ 
bands and which would al- vert the mechanical switch 

low lower-grade licensees to logic. Thus, either latched- 

control emissions on fre- up relay RY1 or RY2 can be 

quencies for which they dropped by operating the 

were not licensed. Surprise, transistor switch through 

surprise! No bureacratic SX1 or by removing the 

ground-breaking was in- latching voltage by closing 

volved! I was, in fact sent the push-to-talk switch on 



the microphone and drop- and fed into the logic box 
ping RY3. through the mini-jack con- 

The LEDs were put in to nector. Power for the relays 
remind me of my last offi- is provided by any 9-12-volt 
cial act and clearly remind calculator-type power sup- 
me of what the current ply that can furnish on the 
transmission flow was Re- order of 200 milliamperes. 
lays were used because the I was concerned about 
widespread variation of key- the varying levels of audio 
ing methods for the current among the microphone and 
crop of transceivers is enor- loudspeaker outputs. This 
mous. Varying polarities and turned out to be a reason- 
voltages are made totally ir- able concern. My first at- 
relevant by the good old re- tempt was just to "brute- 
lay. I can use the logic box force" the audio through 
with any transceiver I can and see what happened. It 
lay my hands on. worked, but not well. Here's 

Photos A and B show the what I had to do. 
front and back of the logic No ordinary microphone 
box. The inside is a typical seems to be up to the task of 
prototype mess (so I won't feeding two rigs at once. The 
let you in), but it all works ex- main problem is the widely 
actly as planned. I decided varying input impedances of 
to use the "standard" four- various transceivers plus the 
pin microphone connector generally low output of 
used by so many transceiver most microphones The so- 
manufacturers and readily lution for me was an ampli- 
available at Radio Shack, fied Astatic D-104 micro- 
The speaker audio is bridged phone. The power amplifier 
from the transceiver at the in this microphone turns the 
auxiliary audiooutput jack mike signal into a relatively 



Photo C. The mini-jack connector. 
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Fig. 2. Schematic of the W1UKZ logic box. 

low-impedance output with sary padding. Holes for the tion is to run your rig very 

some power behind it Since cable and connector take hot —hot enough to do dam- 

the impedance of the micro- about ten seconds to make age to the final transistor 

phone amplifier is lower with a Princess soldering stage. This is true even at 

than either transceiver mike- iron! Of course. I could easi- low-power options In cross¬ 
input impedance, there is ly have inserted the padding link operations, transmis- 

plenty of audio available for resistors inside the logic box. sions longer than three min- 

each. Most two-meter trans- but this would have limited utes are commonplace, so a 

ceivers have very efficient the universal nature of cou- fan was in order. A cooling 

age circuits in their mike-in- pling the box to my rig con- fan directed at the heat sink 

put circuits so I did not have figuration. For me, putting of the two-meter rig totally 

to monitor that signal input, the pads in their own junc- solved this problem. All 

The low-band rig I am using tion cables was best. those RTTY enthusiasts 

(an Atlas 2T0X) gives me me- One other hardware con- should note this potential 

ter monitoring of the audio sideration doesn't appear on problem since two-meter 

input and a gain control to the diagram. My next box RTTY operating will certain- 

manually adjust it. will have a simple switch to ly run into the same condi- 

Experience proved that disable the keying lead to ei- tion. 

the audio levels needed just ther rig. This will make it un- 

a little more balancing. I necessary to disconnect the Operating Experience 

wanted to be able to set the 2-meter input when I want So, how does it work? On 
loudspeaker levels for each to key only the low-band rig. the net operations it was an 

rig for comfortable listening Since I am using SSB on low instant success. The net inl¬ 
and to have that be about bands, switching off the sig- mediately acquired a hand- 

right for the mike inputs. In nal to the low-band rig is as ful of stations not previously 

my case, this meant padding simple as turning down the heard from. In addition, 

down the audio from the mike gain control. That fa- many comments from other 

transceivers rather heavily I cility is not available on two- hams who, although not in- 

cobbled up some loss-pad meter transceivers. dined to join the net by an- 

cables, consisting of my One other hardware con- nouncing their presence, 

standard four-pin micro- sideration should be men- found it very convenient to 

phone connectors and tioned. I discovered that al- be able to go about their 

mounting the male end, nor- most all commercially-avail- Saturday morning chores 

mally living as a chassis- able two-meter transceivers while carrying around a han- 

mount configuration, on the have an unpublished duty- die-talkie to monitor the 

plastic cap of a discarded cycle specification. In my proceedings of the net. Of 

35mm film container. (See case, with the Kenwood course if they were so in- 

Photo C.) Inside the contain- TR-7800, it is three minutes dined, they could break in 

er is a 560k-Ohm resistor in of transmitting followed by at any point to make their 

series with the hot audio one minute of listening. To comments heard, 

lead, providing the neces- transgress on that specifica- The real excitement for 
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this operating mode has 
come from an unexpected 
direction. Since I had the ca¬ 
pability, I decided to ex¬ 
plore the advantage of 
crosslinking for less formal 
purposes than net opera¬ 
tion. Instant success! 

The procedure used has 
been to find an under-used 
repeater and call "CQ DX," 
Of course, this conventional 
invitation goes out over 
both the low-band and two- 
meter frequencies Some 
puzzlement is expressed by 
two-meter listeners who 
hear "CQ DX 20" and sus¬ 
pect the contents of my cof¬ 
fee cup. An understanding 
quickly ensues, however, 
and before you know it, 
there is a round table under 
way on the two-meter repeat¬ 
er involving one or more DX 
stations. The excitement 
generated by this technique 
was wholly unexpected. 

The first comments came 
with wild enthusiasm from 
Technicians who suddenly 
found themselves able to ex¬ 
perience the pleasure of DX 
operations for the first time 
With this occasional taste of 
upgrading experience, they 
proceed with redoubled en¬ 
thusiasm on the path of li¬ 
cense upgrading. But Gener¬ 
al, Advanced, and Extra 
class licensees have been 
equally vociferous in their 
endorsements. As explained 
to me, there is something 
really neat in being able to 
walk on the beach with a 
handie-talkie and chat with 
a Russian amateur near 
Moscow! The two meter 
mobilers, on the way home 
through dismal traffic con¬ 
ditions, also are excited 
about working on their 
DXCC while engaged in stop- 
and-go traffic. 

And the DX stations! 
Well, they stand in line just 
waiting for an opportunity 
to join the crosslink. Opera¬ 
tionally, I have tried to en¬ 
courage more than one DX 
station at a time, if the DX 
stations can hear each oth¬ 
er, so that the benefits of 
two-meter round-table con¬ 
versation may be employed. 








Parts Ust 
Description 
4PDT relay, 12 V dc 
SPDT relay, 12 V dc 
NPN transistor 
DPDT switch, mom. 
Indicating LEDs 
680-Ohm resistor, 1/4 W 
lOk-Ohm resistor, 1/4 W 
10-uF, 15-WV capacitor 
Microphone socket 
Microphone plug 
Diode 

16-pin DIP socket (for RY3) 
Socket, RY1,2 Relay socket 

12-V-dc power supply 
Power-supply jack 
Audio jack, 1/8” 


RY1.RY2 
RY3 
Q1,02 
SX1 

LED1,2, 3 
R1, R2, R3 
R4, R5 
C1,C2 


D1, D2, D3 


Radio Shack # 
275-214 

275- 243 

276- 1617 
275-637 


274-002 

274- 001 
276-1620 

275- 221 

273- 1652 

274- 1549 
274-253 


A typical drive-time round 
table recently found sta¬ 
tions in Northern Ireland, 
England, Holland, Italy, Cor¬ 
sica, and Central Nigeria in a 
round table with five or six 
two-meter mobile stations 
on their way home from 
work! Another time found a 
one-Watt mobile station in 
Portsmouth, New Hamp¬ 
shire, talking with a station 
(ON0) in the Aland Islands 
off the coast of Finland. His 
route was via a two-meter 
repeater in New Hampshire 
to my station on the south 
shore area in Boston, over to 
Europe. Not bad for one 
Watt! 

The permutations of this 
technique are probably al¬ 
ready cycling through your 
mind. The band combina¬ 
tions obviously are not lim¬ 
ited between just 20 meters 
and two meters. And rag- 
chews don't have to involve 
only DX stations. How many 
different ways can you think 
of which might have lots 


and lots of good amateur ra¬ 
dio fun involved, while at 
the same time challenging 
us to develop new hardware 
and operating techniques? 
How about different operat¬ 
ing modes from just voice 
transmissions? A mixture, 
maybe... 

New Techniques 
and Considerations 

Here are some things I 
have learned already and 
some things that are as yet 
unresolved: 

• Two-meter and DX-band 
operating procedures differ 
markedly. Two-meter opera¬ 
tors use a speech-shorthand 
technique which needs mod¬ 
ification when DX stations, 
some with limited English 
capability (and with some 
QRM and QSB problems 
thrown in), get added to the 
two-meter round table. DX 
stations seem very, very in¬ 
terested in the everyday ex¬ 
periences commonly dis¬ 
cussed on two meters but 


rarely mentioned in DX con¬ 
versations, Two-meter oper¬ 
ators need to be clear in 
identifying their stations, us¬ 
ing phonetics for their call- 
signs when necessary. 

• Depending upon the skill 
of the operator at the host 
crosslinking station, rapid 
conversational gambits, com¬ 
mon to two meters, can 
be employed. I think this 
type of exchange should be 
encouraged, but time will 
tell. 

• Crosslink operators must 
be very careful not to allow 
transmission by unlicensed 
persons to enter the cross¬ 
link when stations in coun¬ 
tries not supporting third- 
party traffic are involved. 
Since this is a brand new op¬ 
erating world for many 
Technician licensees, they 
are often unlikely to remem¬ 
ber third-party proscriptions. 

• All crosslink operators 
should keep very complete 
logs. This is not required by 
any FCC rule or regulation; it 
is simply to be able to recon¬ 
struct what went on for pur¬ 
poses of QSLing and other 
record keeping. How the 
rest of the world views the 
establishment of DX records 
for recognized purposes is 
yet to be established. At 
least one ham has started his 
own path toward DXCC via 
crosslinking. 

• Amazingly enough, this 
technique both serves to 
conserve frequencies on the 
crowded low bands and pro¬ 
vides new opportunities to 
develop greater employ¬ 
ment of lesser-used bands, 
such as six meters. Clearly, 
six DX stations and six two- 
meter stations employing 
only one low-band frequen¬ 
cy and two two-meter fre¬ 
quencies is band conserva¬ 
tion. If the VHF frequency 
were on six meters, then the 
other part of the new equa¬ 
tion would also be true 

• All is not just sweetness 
and light when new oper¬ 
ating conditions appear. 
Those stations who like 
two-meter-repeater opera¬ 
tion the way it is may object 



strenuously to a new idea 
which invades their other¬ 
wise untrammeled domain 
Crosslink operators can ex¬ 
pect to be invited off some 
repeaters. Crosslinking can 
use up a lot of repeater time, 
and those areas where re¬ 
p/eaters are in short supply 
can anticipate even greater 
discussion about how re¬ 
peaters should be em¬ 
ployed. Maybe repeaters 
will need to be established 
primarily for crosslinking. 
Crosslinking on direct VHF 
frequencies needs to be de¬ 
veloped. 

• In the same vein, the cor¬ 
dial atmosphere which nor¬ 
mally exists on repeaters 
during drive time needs to 
be conserved. When a cross- 
linking control station con¬ 
nects with a low-band sta¬ 
tion who wishes to crosslink, 
what happens? If there are 
stations on the repeater 
waiting to chat, all well and 
good. But suppose that two- 
meter connections have not 
yet been established? What 
then? The crosslink control 
station needs to assess care¬ 
fully how courteously to en¬ 
ter a two-meter repeater 
with a DX station tagging 
along. Sometimes, two-me¬ 
ter stations just don't want 
"foreign" stations to enter 
their discussions and are not 
prepared to modify their 
technique to accommodate 
language and listening diffi¬ 
culties. How to establish a 
new operating protocol for 
this new ham radio tech¬ 
nique needs to be discussed 
Crosslinking, I suspect, 
may become one of the 
most exciting operating 
techniques to be adopted 
since the entrance of single 
sideband. It comes with 
great opportunities and a 
variety of operating proce¬ 
dures yet to be developed It 
does not require any new 
hardware developments. You 
can begin crosslinking as 
soon as you return from 
your local Radio Shack store 
with less than $20 worth of 
parts. If that doesn't make 
this idea pretty exciting, I 
don't know what will! ■ 
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Grenada Log 

With a body-bag rig and gas from a bike , a ham 
hustled home the news. Here's history happening. 


Bob Cunningham K1XR 
PO Box 214 
Fitzwilliam NH 03447 


it A n invasion on 20 me- 
/mters?" Those were 
the words Steve Mendolsohn 
WA2DHF heard with disbe¬ 
lief when he answered the 
telephone at a little after six 
on the morning of Tuesday, 
October 25th, 1983. Over 
2000 miles away on the is¬ 
land of Grenada, Mark Bara- 
tella KA20RK had been up 
for three hours, making ham 
radio history. Operating 
from his second-floor room 
at the Grand Anse campus 
of Saint George's Medical 
School, Mark had become 
an essential link between 
the island and the rest of the 
free world. 

This was how and where it 
began: The social and politi¬ 
cal events leading up to the 
rescue mission on Grenada 
are well known. In the days 
prior to October 25th, ham 
radio played an important 
but not a primary role. That 
all changed, however, when 
Mark was summoned by 
medical school administra¬ 
tors. With phone service 
nonexistent, the telex dead, 
and the extremely unusual 
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Tim Daniel N8RK 
PO Box 485 

Peterborough NH 03458 


sound of aircraft circling 
overhead, Mark swung into 
action. 

His ham gear, which had 
been dismantled and hidden 
after the days-old coup, was 
retrieved from its hiding 
place—a body bag in the 
school's anatomy lab. Five 
minutes later, KA20RK/J37 
was calling CQ on 20 me¬ 
ters. No response the 
band was dead. Thankful for 
having a five-band trap di¬ 
pole, Mark made a quick 
change to 40 meters. Tuning 
across the quiet band, he 
happened onto an early 
morning QSO between an 
operator in Texas and a K4 
in Georgia. 

"Break . Emergency. . . 
Break!" Naturally, the re¬ 
action was skeptical. By 
now Mark was hearing anti¬ 
aircraft fire in the distance. 
After confusion about third- 
party agreements was laid 
to rest and it was established 
that this was a true emergen¬ 
cy—not a late-night boot¬ 
legger—the K4 telephoned 
Dr. Steve Lomazow N2DRA, 
Mark's QSL manager. 


Due to the conversations 
of preceding weeks, Dr. Lo¬ 
mazow was more than 
aware that such a phone call 
might happen. The 40-meter 
frequency, however, caught 
him by surprise. Enlisting the 
help of his wife and son, Dr. 
Lomazow soon had a dipole 
connected to his rig, hastily 
set up near the dining room 
phone. 

The predawn path be¬ 
tween New Jersey and Gre¬ 
nada was a good one, but to 
ensure top-quality signals, 
Dr. Lomazow enlisted the 
aid of KC2PK, whose direc¬ 
tional antenna and one- 
thousand-Watt transmitter 
were put on the air. There 
was little hesitation . . 
KC2PK's daughter was on 
the island. 

Mark told Dr. Lomazow 
that there were rumors of an 
invasion and asked him if he 
could confirm it. N2DRA's 
phone calls to CBS, NBC, 
and ABC turned up nothing. 
(By now conditions on 40 
meters were deteriorating. 
The group moved to 20 me¬ 
ters where they set up shop 
on 14.250 MHz.) However, 
tipped off to the fact that 
something was happening in 
the Caribbean, the networks 
began to investigate. 


Enter Steve Mendolsohn 
WA2DHF. His first reaction 
to the awakening phone call 
from his office, CBS Net¬ 
work Operations, was, "Your 
average invasion does not 
take place on 20 meters!" 
But after tuning in 14.250, 
Steve quickly changed his 
mind. 

During KA20RK/J37's trans¬ 
missions, listeners now 
could not mistake the dis¬ 
tinct sound of small-arms 
fire and jet aircraft. Accord¬ 
ing to Steve, "It was begin¬ 
ning to sound like there was 
someone who was not just 
down vacationing for a DX 
contest!" As the word got 
out, hams who were close to 
the media were besieged 
with phone calls. For exam¬ 
ple, Steve logged 46 such in¬ 
quiries. 

As it grew light outside, in 
Grenada, one of Mark's fel¬ 
low students used his pre¬ 
vious military experience to 
monitor the activity around 
them. From this rooftop 
crow's nest, he began to 
identify the ships just off the 
beach and the aircraft 
overhead as belonging to 
the USA. Even though they 
were in imminent danger, 
Mark and the students were 
fascinated by the technical 




expertise of the military in 
action. 

To augment the informa¬ 
tion that they were receiving 
from official sources, the 
press desperately wanted to 
speak with someone on the 
island. With the phone and 
all other forms of communi¬ 
cations dead, again, the only 
alternative was ham radio. 
Mark was inundated with 
on-the-air requests from the 
international, national, and 
local US media and amateur 
operators who were assist¬ 
ing the media. He refused all 
interviews, going so far as to 
deny Dan Rather any com¬ 
ments. (After Mark returned 
home, he met Mr. Rather and 
explained the situation and 
how ham radio functions.) 
What Mark did was to re¬ 
port nothing but facts. He 
told only of events that he 
could see himself or were 
reported to him firsthand 
from spotters on the roof 

Shortly after Mark started 
operating his Swan 500, the 
area lost commercial pow¬ 


er—not an unusual event on 
a small Caribbean island. Pre¬ 
pared for this, the school 
had a diesel-powered gener¬ 
ator on standby. Risking 
nearby gunfire, a few stu¬ 
dents made their way across 
campus to the generator. 
They fueled it checked the 
oil, and started it. It had oil, 
but there wasn't any in re¬ 
serve and it was running 
low. It ran for almost 18 
hours before freezing up. As 
a last resort, they had a 
small Honda generator of 
about 500 Watts capacity 
Mark put the new generator 
out on the balcony and 
started it up. After reducing 
his power, he started to 
transmit. Every time he 
keyed the mike, the under¬ 
powered generator groaned. 
However, it did the job; on- 
the-air signal reports were 
unchanged. They had enough 
gasoline to operate this 
power supply for an addi¬ 
tional 5 to 10 hours. 

It was actually needed, 
however, for only 3 more 


hours. At that time; "It's 
Now! Get Down! Get 
Down Now!" Those were 
the words one of Mark's 
friends used when he was in¬ 
structed to get him from his 
second-floor "shack." The 
Rangers were there and it 
was time to evacuate. Mark 
pulled the plug and headed 
downstairs. The rescue heli¬ 
copters were arriving at the 
beach, four and five at a 
time. A line of Rangers 
pushed the students down 
the beach and into the 
awaiting choppers. Mark 
wished that he still had his 
rig operating, as mortar 
fire was coming in and the 
helicopters were firing their 
cannons back to protect the 
students. Over 200 people 
were evacuated in about 15 
minutes. 

After a short flight to the 
recently-secured airport, the 
group had a few hours to 
collect their thoughts before 
being flown by jet to Barba¬ 
dos. On Barbados, Mark was 
able to phone home. After 


reassuring his family, top¬ 
most on his mind was letting 
the amateur-radio fraternity 
know that they were all safe. 
Another quick plane ride to 
South Carolina, and the 
ordeal was over. 

Mark's overall impression 
of the entire operation was 
reassuring. Amateur radio 
proved itself again. Yes, 
there was malicious interfer¬ 
ence. There was also inter¬ 
ference which was the result 
of some well-intentioned but 
nonetheless frivolous trans¬ 
missions. 

Licensed since his late 
teens, Mark epitomized the 
important role that young 
people can play in amateur 
radio For KA20RK/J37, 
WA2DHF, N2DRA, KC2PK, 
and countless others, the 
day 20 meters was invaded 
will not be forgotten soon. 

The authors would like to 
thank WA6ITF, N2WS, 
WA2DHF, N2DRA, and last 
but not least, KA20RK for 
help in researching this 
story. ■ 
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Instant Pane Relief 

This is the only notch filter for windows we've ever seen. 
If you can figure it out, you'll beat the feedline flu. 


ilem blow in at times, but during 
o be the winter a tremendous 
ount amount of heat can be lost 
for through such gaping gaps — 
rain not to mention insect inva¬ 
sions in the summer. 

Some have taken it so far 
| as to make a permanent in¬ 
stallation, such as drilling 
i holes in the side of the 
house, running the cables 
i out, and then filling the 
holes with a weather-resis- 
lL tive material. That's good 
for home owners only. 









Guiding lines through inner board. 


defacing method is to cut a 
board the same width as the 
window and close the win¬ 
dow as far as possible down 
onto the board to make a 
tight fit. When a cable 
needs to reach outside the 
shack, a hole is simply 
drilled in the board and the 
cable is brought through. 

With this method, I have 
found that almost every 
time I want to run a cable 
out the window the cable I 
have chosen to use incon¬ 
veniently has connectors 
on both ends. Since a tight 
fit and a good seal requires 
that the hole in the board 
should be only large enough 
for the cable itself, that 
means that the connector 
has to be cut off before the 
cable can be inserted into 
the hole or removed from it. 

However, by looking at 
the illustrations you should 
have no trouble in under¬ 
standing the method I have 
found which facilitates a 


weather-tight seal and easy 
insertion or removal of any 
size cable without having to 
remove the connectors. 

The method employs two 
boards cut to the width of 
the window The boards are 
sandwiched together and 
the window is closed down 
onto the boards. Each time 
a new feedline must be 
brought through, just drill a 
hole in the center of the two 
boards and cut slots from 
the holes to one edge of 
each board. The slots are 
cut in opposite directions in 
the two boards so that the 
board which faces the out¬ 
side has its slot going down 
and the board facing inside 
has its slots going up. 

The slots in the outside 
board should be cut in a 
wedge shape so that when 
the inside board is moved 
out of the way, the connec¬ 
tors on the cables can pass 
through the wider end of the 
slots without having to 



Lines in; window weatherproofed. 


remove the outer board at 
all. This way you can seal 
the outer board by caulking 
it or using duct tape and 
thus the board never has to 
be removed. This requires 
several holes and slots to be 
pre-cut in the outer board 
before it is fixed in place. 

When any cable is re¬ 
moved, the small hole that is 
left behind can be filled eas¬ 


ily with a small dab of putty, 
a piece of wood dowel, or 
cloth. 

This method works well 
not only for coaxial feed¬ 
lines but for twin-line as well 
since the wood helps keep 
the twin-line away from any 
metal window framing 
which might have some ef¬ 
fect on the impedance of 
the feedline.■ 


[THE ONE STOP SOURCE SINCE 1959!! 

COAXIAL CABLE 
RG-flAI (96% BRAIO-FOAM«23$/M' 

MICRO 6IU (95% BRAIO-FOAMJ115/M' - -■ _ 

RG-213AI(96% BRAID4>OLY)270/M' FL.259 57CM 
RG-214/U (2-96% BRAIDS-POLYH95/M' OR 171 


CONNECTORS 


SIC HAMUNE (2-18/6-221 
8/C HAMLINE HD (2-16/0 

CALL COLLECT 
C/UJLFOIUARGF Ollil 


I (914) 947-1554-1555 


MICROWAVE COMPONENTS 

25 MW EXCITER $49.95 

45 MHZ SUBCARRIER S19.95 
AM VIDEO MODULATOR $19.95 
50 MW UP CONVERTER S149.95 

GIZMO ELECTRONICS, INC. 

P.O. BOX 1205 
PITTSBURG, KS 66762 
PH.316-231-8171 __ 
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Sound Off! 

Here's the perfect S-meter add-on for the repeater that 
has everything. The higher the beep, the better the signal. 


T hink you've seen every 
kind of attachment to a 
repeater that there is? How 
about this one —an audible 
S-meter? If you're wonder¬ 
ing about why in the world 
you would need an audible 
S-meter on your repeater, 
think about all the times 
that you wanted to compare 
rigs, optimize antenna direc¬ 
tion or location, or just 
know how well you were 
making the repeater from a 
particular mobile location 
If your luck was like mine, 
you found that no one was 
around at that time, or, if 


they were, they couldn't 
stay while you fiddled 
around with your rotator or 
carried the antenna back 
and forth across the roof a 
bunch of times. And even if 
they did stick around, didn't 
you ever wonder how they 
could determine by ear 
whether you were 70% or 
80% full quieting? 

Well, this little circuit will 
solve all those problems for 
you. Now you can make any 
of those tests all by yourself 
and know for sure whether 
that last change you made 
helped or hurt you even if 


no one's around Generally, 
what it does is sample the 
first limiter voltage, amplify 
it, and feed it to a voltage- 
controlled oscillator which 
returns a beep proportional 
to your signal strength. The 
higher the beep, the stronger 
you are (up to full quieting) 
I’ve got mine on WR3AGU 
147 81/21 at Mehoopany, 
Pennsylvania, and it's been 
working great for about a 
year. It's set up to give a 
continuously variable tone 
beep between .2 uV and 1.0 
uV The tone frequency 
range is 800 Hz for .2 uV and 
about 2800 Hz for 1 0 uV. 

All the other junk you see 
in the schematic diagram 
does things like delay the 
beep to give your receiver 
time to recover after trans¬ 
mit, set up a sample-and- 
hold circuit to hold the limit¬ 
er voltage momentarily 
when you let up on the 
mike, and discharge that 
voltage after the beep is out¬ 
put, etc. More on that later 
in the circuit description 
Depending on where you 
hook it up on your repeater, 
it can serve a dual purpose 
of indicating timer reset and 
signal strength. 

The circuit isn’t very com¬ 
plex and it shouldn't be hard 


for anyone with the time 
and initiative to design a PC 
board for it 

Circuit Description 

IC1 is a dual op amp with 
a very high input imped¬ 
ance This is necessary so as 
to not load down the first 
limiter stage to which it will 
be connected. The gain of 
the stage is variable and is 
adjusted by the 1-meg-dc 
amp gain control More 
about this adjustment later 
The output of this 1C is fed 
through D1 to the second 
half of IC1 D1 ensures that 
the 2.2-uF tantalum capaci¬ 
tor is not discharged when 
the output of IC1 a goes low¬ 
er than the voltage on the 
2.2-uF capacitor 

These components form a 
sample-and-hold circuit 
which holds the voltage de¬ 
veloped by ICIa for a short 
time when the input signal 
disappears IC1 b serves as a 
voltage follower impedance 
transformer Its high input 
impedance does not load 
down the 2.2-uF capacitor 
and its relatively low output 
impedance feeds the 
MC4024 vco The MC4024 is 
a voltage-controlled oscilla¬ 
tor The audio output fre¬ 
quency of this c hip is deter- 




















Fig. I. Schematic. 


mined bv the voltage at its gers IC3 which is set up as a rent — 5-volt supply needed its socket (you did use a 

input With the values monostable. When pin 3 of for the proper operation of socket, didn't you?) Short 

shown, output frequencies IC3 goes high, it biases on IC1. The 7805 is a three-ter- pins 5 and 3 of the socket 

between 800 and 2800 Hz the B section of the LM3046 minal device used to regu- with a thin jumper wire to 

will be generated when pin 5 transistor array, bringing pin late the+12 volts supplied permanently enable the 

is high 5 of the MC4024 vco low for to +5 volts needed for IC1 MC4024. (2) Disconnect one 

The repeater COR is con- a finite time allowing it to and other portions of this end of the 2.2-uF capacitor 

nected to the anode of D2 output a beep. After IC3 circuit. (3) Set the dc amp gain to 

The COR must go above 2.0 times out, its output pin 3 minimum resistance (4) Key 

volts on receive and remain goes low. shutting off the Adjustment U p re peater and adjust 

below 10 volt when idle, vco and triggering IC4. There are only three ad- the 20k-level pot in the out- 

The standard 0-volt low and When IC4 is triggered, its pin justments to be concerned put of the vco to about 

5.0-volt high is ideal. When a 3 goes high and biases on with. The one-meg pot asso- 3-kHz deviation, (5) Apply a 

signal is received, IC2(set up the A section of the transis- ciated with IC2 is adjusted signal to the receiver which 

as a retriggerable monosta- tor array. This discharges the to provide the amount of de- is just enough to break 

ble) is reset and its output 2.2-uF tantalum and readies lay you would like after the squelch. Adjust the dc amp 

is held high while a trans- it for receipt and storage of carrier disappears before gain slowly until a slight rise 

mission is being received, the next voltage level. the beep is heard. The prop- in tone pitch is noticed. This 

When the received carrier The other three sections er amount of time is what causes IC1 a to output the dc 
disappears, IC2 then times of the LM3046 transistor ar- sounds best to you. Adjust- level at this point which is 

out (how much later is deter- ray are used, together with ment is best done while in needed to begin controlling 

mined by the 1-meg pot and their respective LEDs, as log- actual operation. the vco. Any larger signal 

the 1-uF capacitor) and out- ic monitors to indicate the The one-meg-dc amp gain will be further amplified and 

put pin 3 goes low. This de- status of the three timers, associated with IC1 a takes a applied through IC'lb to the 

lay is to ensure that you All five sections may, of bit more to adjust. If you vco, resulting in a higher 

release your mike button, course, be replaced by five have access to a Cushman tone from the vco. The 

Instead of an immediate re- discrete transistor devices if or other service monitor stronger the signal, the high- 

turn beep, a delay is intro- you wish. with a calibrated output, er pitched the tone, 

duced which allows time for The fourth 555 is used in things are much easier. Without a service moni- 

receiver recovery. the astable mode to convert With a service monitor: (1) tor: (1) Perform steps 1, 2, 3, 

When IC2 goes low, it trig- +12 volts dc to a low-cur- Remove the LM3046 from and 4 above (2) Have some- 
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one with a very weak signal 
transmit Adjust the dc amp 
gain as described in step 5 


The Input Stage 

ICIa s input is connected 


er stage The voltage at this 
point will most probably in¬ 
crease with an increase in 
signal strength In this case, 
the non-inverting stage con¬ 
figuration is used If it is nec¬ 
essary to connect to a point 
in your first limiter where 


the voltage decreases with 
increasing signal, then use 
the inverting configuration 
shown 

The audible S-meter has 
proven to be a worthwhile 
addition to the 81 21 repeat¬ 
er (VVR3ACU) and I'm sure 


you'll find it a usotul and 
repeater 

I II be happy to answer 
any questions regarding this 
circuit Please include a 
stamped self -addressed 

envelope H 


Parts List 


Resistors (all Vi or Vi Watt unless stated otherwise) 


R1, R2, R3, R4, R11, R19 100k 

R5, R6, R27 part # TR11-1 meg $.39 1 meg pot 

R7, RIO, R28 1.0k 

R8 4.7 meg 

R9, R12, R13, R25, R26, 

R30 10k 

R14 part #TR-11-20k $.39 20k pot 

R15 22k 

R16, R17 3.3k 

R18 1 meg 

R20, R21.R22 120 

R23, R24 47k 

R29 33k 

R31 510 


Capacitors tall capacitors at least 12 volts dc) 


Cl part # TM2.2/35 $.51 

C2, C4 part #MY.22/100 $.33 

C3. CIO part # A1/16 $.17 

C5, C9. C13, C14 part # DC.01/50 $.08 

C6, C7 part # DC.001/50 $.08 

C8 part it DC.1/12 $.12 


2.2 uF tantalum 
.22 uF 
1.0 uF 
,01uF 
.001 uF 


Cll, C15 
C12, C16 

Diodes 

D1,D2, D3, D4 
D5 

Integrated Circuits 

IC1 

IC2, IC3, IC4, IC5 

IC6 

IC7 

IC8 

Transistors 

Q1,Q2 


part# A100/16 $.24 
part#A10/16 $.17 


part#1N4001 12/$1.00 
part# 1N4733 4/S1.00 


part# LF353N $1.00 
part # NE555V $.39 
part # MC4024P $3.95 
part # LM340T-5 $1.25 
part # LM3046N $1.30 


part #2N3392 4/S1.00 


LEDs 

LI, L2, L3 part #XC209R 5/$1.00 


ailable from Jameco Electronics 
1355 Shoreway Rd. 
Belmont CA 94002 


1N4001 or equiv. 


LF353 
555 
MC4024 
7805 regulator 
transistor array 


general purpose 
NPN type 


general 
purpose LEDs 


Plan Now To Attend The Most “OUT OF THIS WORLD 
Event In The History Of Ham Radio! 

COME TO THE ARRL 1984 NATIONAL CONVENTION IN NEW JHK 

YORK, the world's greatest city, at the New York Statler July 20-22. 

Along with the convention's fantastic parties, technical and operating 
seminars. League committee meetings, banquet, DX gatherings and 
manufacturers' displays, you and your family can enjoy all there is to 
do in New York, the cultural capital of the world! c Jfk 

FOR A TRULY “OUT OF THIS WORLD” EXPERIENCE we II be K /. 

celebrating both the 15th Anniversary of man's first moon landing 

AND the first off-world amateur radio operation during the STS-9 ^ ^ 

Spacelab-1 mission. Our special guest will be astronaut DR, OWEN 
GARRIOTT, W5LFL, first ham to operate from space! You can meet 
W5LFL in person, at the Moon Landing Anniversary Party on Friday 

evening, July 20th, AND hear him speak at the Banquet on Saturday $ -aKf 

evening, July 21st. 

IMAGINE, THE MOST IMPORTANT ARRL NATIONAL EVER _ 

HELD...AND YOU CAN BE THERE! Register now to assure your 
room and banquet reservations. For detailed information and 
registration forms. SASE to Mike Troy, AJ1J, R.R. 4 - Box 19C, 

Pound Ridge. NY 10576. 
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Iim Willis WA4CCA 
18456 Overlook Rd 
Los Gatos CA 95030 


Some Alarming Techniques 

These burglar-proof circuits will stump second-story men 
and amaze possible thieves—as well as you. 


T he most cost-effective 
way to protect life and 
property against fire, theft, 
and vandalism is with an 
electronic alarm system. 
Wayne Green has been tell¬ 
ing us for years of the mar¬ 
ket potential for amateur 
radio operators in the alarm 
business. Having once been 
in the alarm business, I 
agree with Wayne and in 

{ 


this article I will share the 
common circuit techniques 
and a schematic for a simple 
but sophisticated residential 
alarm control panel. 

Closed Loop or Open Loop? 

For an alarm to be reli¬ 
able, its operation must not 
be defeated by a loose con¬ 
nection or broken wire in the 
system. Most intrusion 



Fig. 1. Schematic of a simple closed-loop alarm using a relay, 
battery, and bell. The closed loop is self-testing because the 
loop must be made up before the alarm is turned on. 



Fig. 2. Open-loop two-wire system, using end-of-line diode, 
relays, and ac power supply. These are used in fire-alarm 
systems. 
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alarms use a closed loop—a 
continuous loop of wire 
with normally-closed 
switches wired in series. 
When one of the switches is 
open or the metallic tape on 
a protected window is 
broken, the alarm panel re¬ 
sponds to an open circuit on 
its input terminals This type 
of loop is self-testing; there 
is only one way to make up 
the loop, this being with all 
switches closed and wires 
connected. Fig 1 illustrates 
an example of a simple 
alarm control panel circuit 
for closed-loop operation. 

An open loop consists of 
a chain of normal ly-open 
switches wired in parallel. 
Some technique for testing 


the integrity must be provid¬ 
ed, since a break in the nor- 
mally-open loop would ren¬ 
der part of the loop in¬ 
operative, 

Fig. 2 illustrates the use of 
an end-of-line diode to mon¬ 
itor a normal ly-open loop. In 
this circuit an ac signal is im¬ 
pressed on the control-panel 
end of the loop. During one 
half of the cycle the end-of- 
line diode conducts, supply¬ 
ing current to the trouble 
relay. Should one of the 
switches close, the alarm 
relay would drop out, set¬ 
ting off the alarm circuit. 
Should the loop open or ac 
power fail, the trouble relay 
will drop out, alerting the 
operator to trouble on the 


CURRENT LIMITING LAMP 



Fig. 3. Typical four-wire open-loop alarm circuit using alarm 
relay. These are also used in commercial fire-alarm systems. 





line. There are other end-of- 
line techniques for detect¬ 
ing open-loop trouble; each 
has some problem and is 
considered not as good as a 
four-wire loop. 

The Four-Wire Loop 

A four-wire loop is shown 
in Fig. 3. This circuit uses 
two relays to sense the in¬ 
tegrity of the loop. If either 
relay drops out, a trouble 
alarm is sounded. If the 
open loop is shorted, both 
relays drop out, as does the 
alarm relay. 

This four-wire circuit uses 
a single dc power supply 
and may be supplied by a 
backup battery in case of ac 
power failure. It should be 
noted that in case of relay or 
power failure, this circuit 
will fail in the trouble or 
alarm mode. The normally- 
open switches used in this 
type of alarm have four sets 
of screws for the incoming 
and outgoing pairs to ensure 
that a switch does not get 
left out of the loop because 
of a poor connection. The 
open loop is normally used 
for fire-alarm systems which 
are left on continuously. 

Entry and Exit 

An intrusion alarm is usu¬ 
ally turned off for part of the 
day and activated for part of 
the day. The operator must 
be able to turn the alarm 
system on and off without 
causing an alarm. There are 
two techniques for this: a 
high-security keyswitch 
mounted outside the pro¬ 
tected perimeter and the 
time-delay system. 

The high-security key- 
switch technique uses a key- 
switch with a cylindrical 
tumbler to bypass part of 
the closed loop, as shown in 
Fig. 4. To arm the alarm sys¬ 
tem, the operator first 
checks the integrity of the 
loop at the control panel 
and turns on the alarm. The 
operator then exits through 
the doors and areas by¬ 
passed by the outside key- 
switch. After securing the 
exit door, the high-security 
keyswitch is opened, putting 


the bypassed switches back 
in the loop. To enter the pro¬ 
tected perimeter these steps 
are reversed; first the out¬ 
side switch is closed, then 
the operator proceeds to the 
alarm panel and turns the 
alarm off. 

Entry and exit delays may 
be used in low-security sys¬ 
tems where the intruder 
would not expect to find an 
alarm system, such as in a 
residence. When the system 
is turned on, the operator 
has a preset exit delay peri¬ 
od before the alarm system 
is armed. This period is nor¬ 
mally adjustable from a few 
seconds to a couple of min¬ 
utes. This gives the operator 
time to set the alarm and ex¬ 
it the perimeter without set¬ 
ting off the alarm. 

Another delay must be 
provided for entry. Here the 
operator may break the pro¬ 
tected perimeter and still be 
given time to go to the 
alarm-system panel and turn 
it off before the alarm 
sounds. Obviously, the in¬ 
truder may be given the 
same opportunity to find 
and silence the alarm before 
it sounds. Fig. 5 gives us a 
schematic for an alarm cir¬ 
cuit which provides for en¬ 
try and exit delay. 

The entry and exit delays 



Fig. 4. Example of how a high-security keyswitch is used to 
bypass entry/exit doors. This type of circuit is used on com¬ 
mercial intrusion alarms. 


are fixed by the choice of 
timing capacitors Cl and C2 
and resistors RIO and R11 
connected to IC3; with 1 
megohm and 10 pF respec¬ 
tively, the delay is about 
14 seconds. This is about 
the minimum practical de¬ 
lay time. 

Half sections of IC2 are 


connected as R-S latches to 
hold information about the 
system status. System status 
and loop integrity are indi¬ 
cated by LEDs. Also includ¬ 
ed is a power supply for the 
system with battery backup. 
Normally the batteries are 
dry cells which are tested 
and replaced periodically. 


Parts List 


R1-R6 2.2k£2, '/.-Watt 

R7-R9 330Q, 'A-Watt 

RIO, R11 1 megohm, '4-Watt 

C5, C6 4.7-uF tantalum 

C1,C2 10-uF, 16-volt electrolytic 

C3, C4 0.01-uF ceramic disc 

D1-D3 1N4001 

D4-D6 Light-emitting diode 

S1-S3, S7 Normally-closed switches 

S4-S6 Normally-open, momentary-contact switches 
IC1, IC2 7400 quad two-input NAND; + 5—pin 14, Gnd— 
pin 7 

IC3 556 dual 555 timer;+ 5—pin 14, Gnd—pin 7 

IC4 7805 5-V regulator 

RY1 5-V low-current relay 



Fig. 5. Schematic diagram of an alarm control panel suitable for residential use. Entry/exit 
delay is included. 
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Summons 

The systems described 
here all rely on a local bell 
to scare the intruder away 
and/or notify the occupants 
Commercial alarms must al¬ 
so notify the police or fire 
department or some other 
private security office Nor¬ 
mally this is done over 
leased phone lines —pairs of 
wires leased from the phone 
company which connect the 
alarm panel to the central 
office. 

In simple systems, a nor¬ 



mal status is indicated by 
plus six volts dc, trouble is 
indicated by zero volts, and 
an alarm condition is indi¬ 
cated by negative six volts 
dc In most locations, the ex¬ 
act nature of these signals 
has already been estab¬ 
lished and any new systems 
must conform to the existing 
standard The central office 
receiver may vary from a 
plug-in zero-center meter, 
with latching relay and buzz¬ 
er, to a small computer 
console which types out the 
name, address, and time of 


any alarm. Usually a small 
charge is levied for the use 
of the central system by the 
city or private company 

Parts Procurement 

Commercial-quality alarm 
components are available 
from Ademco, Bourns, FBI, 
Moose, Napco, and Univer¬ 
sal. These units are well 
engineered and built like 
tanks to provide years of 
trouble-free service. Resi¬ 
dential-quality units are 
available from Midex, Seek¬ 
er, Eico, and Solfan. Many 
of these have entry and exit 
delays and may not be suit¬ 
able for commercial use. 
These are available from 
suppliers in many metropol¬ 
itan areas. 

Selling the System 

For those interested in 
making a business out of 
selling and installing alarm 
systems, the thing being sold 
here is security, not a bunch 
of alarm panels, wires, 
switches, lights, and bells. 


The buyer wants to feel that 
he, his property, and his 
family are safe from fire, 
theft, and burglary. He 
wants his system to be reli¬ 
able; if it fails to operate 
properly he wants it re¬ 
paired immediately, even if 
it's 2 am. Once he has the 
security of an alarm system, 
he will not want to be with¬ 
out it For this reason, 
alarms are usually sold with 
a service contract or lease 
Remember: The customer 
probably won't know a thing 
about how his system op¬ 
erates. 

There exists a good poten¬ 
tial in many areas of the 
country for someone who 
can understand these simple 
circuits, organize a business, 
and be reliable in the in¬ 
stallation and maintenance 
of alarm systems. For those 
not interested in a business, 
a do-it-yourself residential 
alarm offers a cheap, effec¬ 
tive insurance against loss 
due to fire, theft, or 
burglary. ■ 


Fig. 6. Power supply for Fig. 5. The battery is usually dry cells 
which are periodically tested and replaced. 



★ TECHNICAL FORUMS 

★ ARRLANDFCCFORUMS 

★ GIANT 3-DAY FLEA MARKET 

FRIDAY, SATURDAY AND SUNDAY 

★ NEW PRODUCTS AND EXHIBITS 

★ GRAND BANQUET 

★ WOMEN S ACTIVITIES 

★ ELECTRICAL SAFETY FORUM 

★ SPECIAL GROUP MEETINGS 

★ YLFORUM 

★ PERSONAL COMPUTER FORUM 

★ CW PROFICIENCY AWARDS 

★ AMATEUR OF YEAR AWARD 

★ SPECIAL ACHIEVEMENT AWARDS 


f \ 

ADMISSION 

$750 in advance. $ 10 at door. 

(Valid for all 3 days) 

BANQUET 

$ 14 in advance. $ 16 at door. 

FLEA MARKET SPACE 

$15 in advance 
(Valid for all 3 days) 


Checks for advance registration to 
Dayton HAMVENTION 
Box 2205. Dayton. OH 45401 




April 27,28,29,1984 

Hara Arena and Exhibition Center — Dayton, Ohio 

Meet your amateur radio friends from all over the world at the internationally 
famous Dayton HAMVENTION. 

Seating will be limited for Grand Banquet and Entertainment on Saturday 
evening so please make reservations early. 

if you have registered within the last 3 years you will receive a brochure in 
January. If not, write Box 44. Dayton. OH 45401. 

Nominations are requested for Radio Amateur of the Year and Special Achieve¬ 
ment Awards. Nomination forms are available from Awards Chairman. Box 44. 
Dayton. OH 45401. 

For special motel rates and reservations write to Hamvention Housing. Box 
1288. Dayton. OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY 
TELEPHONE. 

All other inquiries write Box 44, Dayton. OH 45401 or phone (513) 433-7720. 
Special Flea Market telephone (513) 223-0923. 

Bring your family and enjoy a great weekend in Dayton. 

Sponsored by the Dayton Amateur Radio Association. Inc. 
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Ly/e lohnson WA7GXD 
c'o Tucson Amateur Packet Radio 
PO Box 22888 
Tucson AZ 85734 


Join the Packet-Radio 
Revolution —Part 111 

Don't mess up. Packet protocols and procedures are 
all-important says WA7GXD, and he's been right so far. 


N ow that yc> u have a 
background as to what 
packet radio is and what it 
takes in the way of hardware 
to get a packet station on 
the air, it is time to go into a 
little more detail on the 
communications protocols 
used in packet radio. 

As mentioned in Part I of 
this series, protocol is taken 
to mean the formal rules 
governing information trans¬ 
fer. There are many dif¬ 
ferent types of protocols 
used in amateur radio to¬ 
day. Every time you check 
into a net there are pro¬ 
cedures to follow. If you get 
involved in a roundtable dis¬ 
cussion, less formal rules 
may apply. If you wish to 
use a busy repeater, there 
are, again, procedures to 
follow. In fact, any time you 
wish to communicate (and 
sometimes when you don't 
wish to!) there are rules. 
Some are formal, such as in 
parliamentary debate, while 
others are not 

In packet radio, the pro¬ 
tocols used are designed to 
enable many users to access 
a given channel for point-to- 
point communication with 
maximum reliability. And 
since computers are used ■ 
(the Terminal Node Control¬ 
ler—TNC—is a computer), 

36 73 Magazine • January, 1984 


the rules must be very explic¬ 
it. Because computers lack 
judgment, all possibilities 
for confusion must be de¬ 
fined and worked out. Thus, 
protocol design is a very crit¬ 
ical part of designing a 
packet-radio system 

Do other amateur digi¬ 
tal-communications systems 
have defined protocols? The 
answer is yes! In RTTY, the 
5-level Murray (Baudot) 
code is used in the United 
States, while in Europe the 
CCIR Alphabet Number 2 is 
the standard. Holding a 
marking tone between char¬ 
acters, unshift-on-space, data 
rate (60, 67, 75, or 100 
wpm)—these are all part of 
RTTY protocol. In ASCII, the 
7-level code itself is part of 
the protocol, and in amateur 
usage, most of the appli¬ 
cable RTTY standards have 
been carried over, including 
such things as 170-Hz shift 
and the 2125/2295-Hz tone 
pair. 

As digital communica¬ 
tions have progressed, more 
rigidly-defined protocols 
have emerged. AMTOR, per¬ 
haps the most sophisticated 
RTTY system in amateur use, 
has evolved as an error-re¬ 
ducing communications sys¬ 
tem and is defined in CCIR 
Recommendation 476-2. In 


commercial packet work, 
the International Standards 
Organization (ISO) has pro¬ 
posed a 7-layer model for 
packet-switching networks 
(see Fig. 1). 

The first level, called the 
Physical Layer, deals with 
interfacing the user's ter¬ 
minal to the packet system. 
In the case of amateur 
packet radio, it is also the 
radio interface and the mod¬ 
ulation scheme. While there 
is no standard in amateur 
practice at this time, there 
have emerged several de 
facto standards. RS-232 is 
the common interface be¬ 
tween the packet system 
(usually a TNC) and the ter¬ 
minal. 1200 baud is the nor¬ 
mal signaling speed on the 
packet side, using AFSK with 
1000-Hz tone spacing using 
tones of 1200 Hz and 2200 
Hz. Since there is no stan¬ 
dard among amateur radio 
manufacturers for audio 
connectors or pinouts, no 
standard is possible for this 
physical interface. 

The second level is the 
Link Layer. This deals with 
the actual format of the 
frames of information that 
make up a packet It cares 
nothing for the data in the 
packet, but rigidly defines 
the address and control 


fields as well as the flags 
and the Frame Check Se¬ 
quence (FCS). It is at this 
level that amateurs have 
come to agreement and 
adopted a standard called 
AX.25 level two. This pro¬ 
tocol was first publicly pro¬ 
posed by AMRAD and 
adopted, with certain mod¬ 
ifications, at a special meet¬ 
ing called by AMSAT in 
October, 1982. It was first 
put on the air by Tucson 
Amateur Packet Radio 
(TAPR) on the then-new 
TAPR TNC in December. 
1982, and has since been 
coded into software for 
the Vancouver Amateur Dig¬ 
ital Communications Croup 
(VADCG) TNC by Hank Mag- 
nuski KA6M and others. 

The next level, the Net¬ 
work Layer, is the focus of 
much experimentation to¬ 
day. When implemented, it 
will provide for inter-group 
linking as well as support 
multiple connections for, 
say, a roundtable with posi¬ 
tive frame acknowledgment 

The functions of this lev¬ 
el overlap somewhat with 
level four, the Transport 
Layer. It is the successful 
operation of amateur pack¬ 
et radio at these levels that 
will herald a new era in ama¬ 
teur-radio communications. 




opening the way for an ex¬ 
tensive, high-speed, highly- 
reliable communications 
network on a continental 
scale. Experiments with 
Phase IIIB, HF gateways, 
and the like are precursors 
to amateur level three. 

The last three layers, Ses¬ 
sion, Presentation, and Ap¬ 
plication, deal with such 
things as CRT screen con¬ 
trol, character sets, and the 
like Amateur packet opera¬ 
tion has managed to blur 
these areas with standard 
usage. For example, ASCII 
is the normal mode of char¬ 
acter encoding. Bulletin 
boards are running at level 
two. 

In fact the definition of 
the digipeater function in 
AX.25 level two is actually a 
level three "kludge" to 
allow limited intermediate 
linking This is not necessar¬ 
ily bad; it just shows that 
amateurs tend to adopt and 
adapt until things suit them 
for the unique environment 
in which we operate 

At the lowest level, an 
RS-232 interface has be¬ 
come the de facto standard 
for communicating between 
a TNC and a computer or 
terminal. The TNC looks like 
a modem (Data Communi¬ 
cations Equipment, or DCE) 
while the computer or ter¬ 
minal is defined as Data Ter¬ 
minal Equipment (DTE). 

A Protocol-Related Problem 

Even at this low level, 
problems may arise. What if 
the receive buffer in your 
computer gets full, or the 
lines you are reading start to 
scroll off the screen of your 
terminal? What if the packet 
channel is so clogged that 
the transmit buffers in the 
TNC are getting full? These 
problems are solved by the 
application of a flow-control 
algorithm (computerese for 
a method of solving a prob¬ 
lem—hopefully one that 
doesn't introduce other 
problems!). 

Flow control is handled in 
the TAPR TNC by both hard¬ 
ware and software, although 
the software has to recog¬ 


nize the "hardware" solu¬ 
tion 

In the case of the terminal 
(or computer—we'll use 
"terminal" to mean both) 
wanting to tell the TNC to 
stop sending data, the ter¬ 
minal may either (a) set the 
TNC's Request-To-Send (RTS) 
line false or (b) emit an 
X-OFF character (usually 
Control-S) to the TNC. In the 
first case, the TNC will im¬ 
mediately stop sending data 
to the terminal. In the sec¬ 
ond case, if the TNC has 
been told to, it will recog¬ 
nize the X-OFF character 
and cease sending data. 
Note that if the TNC is oper¬ 
ating in a so-called trans¬ 
parent mode, only the hard¬ 
ware solution may be used, 
since in this mode the TNC 
passes all data, ignoring 
commands. 

To resume data flow to 
the TNC, the CTS line may 
be set true (if the hardware 
control was used) or the 
X-ON character (typically 
set as Control-Q) may be 
sent to the TNC. (With the 
TAPR TNC, the X-ON and 
X-OFF characters may be 
user-defined and the default 
characters are given here.) 

In the case of the TNC 
wanting the terminal to 
pause in sending data, it will 
set the Clear-To-Send (CTS) 
line false, returning it 
true when ready to again re¬ 
ceive data from the ter¬ 
minal. Thus, flow control be¬ 
tween the TNC and terminal 
is defined and provided for 
in the TAPR TNC "user inter¬ 
face" protocol. 

The above discussion is a 
simple example of the sorts 
of problems that must be 
solved in defining a usable 
protocol for digital commu¬ 
nications. While the details 
can become quite involved, 
the rest of this article will 
deal with the issues in a 
more general framework. 
The idea is not to make you 
an instant protocol expert 
but to give you some insight 
into the general workings of 
amateur digital communica¬ 
tions with particular em¬ 
phasis on the recently- 



adopted AX.25 packet-radio 
protocol. First, however, 
let's take a look at how ama¬ 
teur packet protocols de¬ 
veloped. 

Early Packet-Radio Protocols 

At the risk of oversimplifi¬ 
cation, there basically are 
two ways of handling packet 
communications. One is to 
have a master-control sta¬ 
tion acting much like a net- 
control station in traditional 
amateur practice. The other 
is to have all stations equal, 
as in casual amateur opera¬ 
tion. Not surprisingly, both 
methods have been used in 
amateur packet radio. Since 
the Canadians were allowed 
packet operation first, they 
implemented both first. 

One system was devel¬ 
oped in which a master-con¬ 
trol station would poll each 
station in its list and each 
station would in turn pass 
along any traffic. The advan¬ 
tages are apparent: Every¬ 
one takes his turn and any 
potential conflicts in using 
the frequency are thereby 
resolved. The disadvantages 
are more subtle; How does 
one get on the list, and what 
happens if the list is long but 
only two or three stations 
are active? Do the few ac¬ 
tive users have to wait for 
the inactive stations to be in¬ 
terrogated by the master 
station between every trans¬ 
mission? And of course 
there may be a real problem 
if the master station goes 
down. 

Another system was de¬ 


veloped in which each sta¬ 
tion had its own identifica¬ 
tion and could attempt to 
access the channel at will 
The possibility of "dou¬ 
bling" (called a collision in 
packet jargon) became real 
with this system, but com¬ 
munications were somewhat 
more robust because a cen¬ 
tral controller wasn't need¬ 
ed. And you didn't have to 
figure out how to get on the 
list 

The polling system is used 
in very few active packet 
areas now. and a variation 
of the second system be¬ 
came the de facto standard. 
Developed by the Vancou¬ 
ver Amateur Digital Com¬ 
munications Croup, the 
Vancouver protocol spread 
with the VADCG TNC. Near¬ 
ly all early work with packet 
radio in the United States 
was based on this TNC and 
protocol. 

Features of the 
Vancouver Protocol 

The Vancouver protocol 
allowed two stations to con¬ 
nect and carry on point-to- 
point communications with 
positive acknowledgment via 
a handshake. High-Level 
Data-Link Control— HDLC 
(see Part I of this series, Sep¬ 
tember, 1983, issue of 73) 
was used for assembling 
and disassembling packet 
frames, and Non-Return to 
Zero Inverted (NRZI, pro¬ 
nounced nurzi) encoding of 
the data stream was used to 
allow clock recovery, since 
HDLC is a synchronous pro- 
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tocol (as opposed to the 
asynchronous RTTY format 
with start and stop bits at¬ 
tached to every character). 

In addition, this protocol 
allowed the use of a digi¬ 
peater for allowing stations 
to connect that couldn't 
connect directly, A digipeat- 
er is similar in this respect to 
a voice repeater, although it 
is really very different It 
performs the same Frame 
Check Sequence (FCS) on an 
incoming packet as any 
other packet station, re¬ 
jecting those that are cor¬ 
rupted. It then generates a 
new, and slightly different, 
packet which it sends. The 
modifications are in the ad¬ 
dress (and possibly the con¬ 
trol) field, much like the 
changing preamble in mes¬ 
sage traffic. The digipeater 
is thus more like an auto¬ 
mated traffic-handling sta¬ 
tion than a repeater. 

The Vancouver protocol 
also allowed a packet to 
contain multiple tames of 
information. Up to seven 
frames could be sent in one 
transmission, and the ac¬ 
knowledgment (ACK) would 
contain a number indicating 
how many frames were suc¬ 
cessfully received. This had 
the advantage of increasing 
the amount of data that 
could be sent in a given time 
period (called channel 
throughput ) by reducing the 
number of times the chan¬ 
nel had to be "turned 
around" to acknowledge 
receipt of data. At 1200 bits 
per second (bps), radio per¬ 
formance becomes the rate- 
limiting factor. 

Finally, the Vancouver 
protocol provided for cer¬ 
tain types of supervisory 
frames for control of the 
data link. 

Unfortunately, there were 
problems, or more properly, 
limitations with the system. 
For one, only a single digi¬ 
peater was allowed. What if 
two stations wanted to con¬ 
nect that needed two, or 
even three, intermediate 
relays? Flow could multiple 
stations exchange data and 
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still get positive acknowl¬ 
edgment from the other sta¬ 
tions? What if a station 
found itself in range of two 
digipeaters (overlapping net¬ 
works)? 

The greatest limitation, 
however, was in the ad¬ 
dressing scheme. In confor¬ 
mance with commercial 
HDLC implementations, and 
to allow the TNC's HDLC 
control chip to screen in¬ 
coming packets, a single¬ 
byte addressing scheme was 
developed. Due to part of 
the HDLC standard, only 
seven (7) bits are allowed in 
an address byte, meaning 
only 128 addresses can exist 
on a given channel. The digi¬ 
peater had to share in all of 
this, certain address fields 
had to be reserved for vari¬ 
ous reasons, and the result 
was that a maximum of 31 
stations could be on a given 
channel. 

This may not seem like a 
problem since that would be 
a very congested channel, 
but the hardware used re¬ 
quired that the station's spe¬ 
cial ID code be burned into 
the TNC's memory. Since 
not everyone in an area is 
likely to be on at any given 
time, 31 addresses can be 
very limiting because it then 
implies only 31 packet sta¬ 
tions can exist in an area, ac¬ 
tive or not What if a visitor 
comes into the area with the 
same address as a local? 
Who assigns the addresses? 
What if a person is in range 
of two or more networks, 
and his address is used in 
more than one of them? The 
list goes on. 

Dynamic Addressing 

At the time TAPR was 
forming, the protocol issue 
was taken very seriously. 
The hardware for the TAPR 
TNC has provision for 
changing addresses, and 
many other parameters, by 
inclusion of a nonvolatile 
memory chip that requires 
no battery backup yet can 
be changed by the user with 
a simple command (see Part 
II of this series, October, 
1983, issue of 73). 


A protocol was designed 
that would have an "address 
server" to assign addresses 
to any stations that came on 
frequency. When the station 
checked out, its address 
would be removed from the 
active list, making room for 
other active users to join in. 
The "net-control" station 
would poll the users on the 
list from time to time to see 
if they were still on channel 
to prevent a station that had 
"died" from hogging an ID. 
The first station on a chan¬ 
nel would become the ad¬ 
dress server, and this func¬ 
tion could be passed on to 
any other station by com¬ 
mand. Further, if a station 
detected the absence of the 
address server, it could then 
take over the function. 

Finally, the address server 
would send out a broadcast 
message to all stations 
whenever a station came on 
or left the channel. This 
would allow a user to check 
the "system-status table" in 
his TNC to see who was on! 
It also would smooth the 
transition if the address 
server went down for any 
reason. 

This TAPR/DA protocol is 
presently under continuing 
development and may be 
undergoing on-the-air tests 
by the time this appears in 
print 

Unfortunately, the proto¬ 
col is fairly complex and the 
team implementing it in 
software has met with de¬ 
lays beyond their control. 
Further, adapting it to ex¬ 
isting VADCC TNCs may be 
impractical without exten¬ 
sive modifications to that 
TNC. 

AX.25 Level Two 

In October, 1982, in con¬ 
junction with the AMSAT 
annual meeting, Tom Clark 
W3IWI called a meeting of 
the various packet groups to 
settle on some sort of level 2 
protocol (the level at which 
the TNCs communicate with 
each other). The reason was 
very simple. With the suc¬ 
cessful launch of the Phase 
IIIB satellite, a digital-com¬ 


munications channel with 
predictable reliability would 
be available. If the various 
packet groups were all do¬ 
ing their own thing, a Tower 
of Babel would result with 
no two groups speaking the 
same language (protocol). 
This would result in either (a) 
chaos, or (b) extreme under¬ 
utilization of the channel re¬ 
source. Therefore, a com¬ 
mon protocol had to be de¬ 
fined sufficiently in advance 
of the satellite launch to 
allow it to be coded in soft¬ 
ware and tested on the air 

Represented at the meet¬ 
ing were AMRAD (Washing¬ 
ton based), PPRS (San Fran¬ 
cisco based), SLAPR (St. 
Louis based), TAPR (Tuc¬ 
son based), and of course, 
AMSAT (also Washington 
based). New Jersey was also 
represented, and the groups’ 
membership base covered 
most active packet sites. Un¬ 
fortunately, the various Ca¬ 
nadian groups were unable 
to attend. 

Several proposals were 
espoused, with each group 
defending its particular ap¬ 
proaches) to the problem 
Tom's strategy, essentially, 
was to lock everyone in a 
room with no departure 
allowed until agreement 
was reached. Surprisingly 
enough, it worked! What 
eventually emerged from 
the meeting was a modified 
form of the AMRAD AX.25 
level-two protocol, which is 
an adaptation of the com¬ 
mercial X.25 packet-switch¬ 
ing protocol, level two. 

Essentially, this protocol 
provides for the various 
functions of the earlier Van¬ 
couver protocol with a num¬ 
ber of additional features 
Point-to-point connections 
are allowed, with positive 
acknowledgment of frames 
Up to seven frames may be 
included in a packet. Flow 
control between packet sta¬ 
tions is defined, so a receiv¬ 
ing TNC may tell a sending 
TNC to stop sending traffic 
for a while (to prevent buffer 
overflow). A digipeater is al¬ 
lowed, and its functions de¬ 
fined. HDLC frames are 
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Fig. 2. Typical AX.25 non-digipeated address header. 
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Fig. 3. Typical AX.25 digipeated address header. 


used, with NRZI encoding 
and zero-bit stuffing. 

The major differences lie 
in the addressing scheme. 
Whereas the Vancouver 
protocol allowed only 31 or 
so stations, the AX.25 system 
effectively allows over ten 
times the licensed amateur 
population to be active at 
once! 

Why is this so important? 
Recall that the Vancouver 
protocol used single-byte 
addressing. The problem of 
a new packet station com¬ 
ing on channel becomes real 
when a channel exists that 
allows over 50% of the 
world's amateurs (theoreti¬ 
cally) to have access at one 
time, as in the case of the 
Phase III satellite. 

In AX.25, the amateur sta¬ 
tion callsign is encoded into 
a 7-byte field. This allows for 
a six-character callsign with 
an additional byte as a qual¬ 
ifier, This may be necessary 
when, for example, a packet 
station has multiple TNCs 
that must operate under one 
station call. This occurs fair¬ 
ly frequently, with some am¬ 
ateurs providing a bulletin- 
board service or a gateway 
station in addition to their 
“normal" packet station 

Both the sending station's 
and the intended receiving 
station's callsigns are in the 
address field, making it 14 
bytes in length. A digipeater 
may be specified (you could 
be in range of multiple digi- 
peaters), in which case its 
callsign must be included, 
making the address field 21 
bytes in length. 

Recognizing that future 
protocols may emerge, the 
packet group decided to ap- 
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pend a Protocol IDentifica- 
tion byte (PID) to the control 
field of the frame to let the 
receiving station know 
which protocol was in use, 
and AX.25 was assigned an 
identifier. 

The advantages of this 
system are numerous. No 
longer must an amateur 
worry if another station has 
the same ID when he re¬ 
ceives a packet. Many users 
may be accommodated 
(from an addressing point of 
view) with no effective limit. 
Monitoring of a channel be¬ 
comes simplified, with a 
monitoring station able to 
identify (by callsign) the 
source and intended desti¬ 
nation of every packet re¬ 
ceivable at his location. 

Of course, nothing is free, 
and AX.25 has its costs. The 
main problem is that the ad¬ 
dress field is quite long, be¬ 
ing 21 bytes if a digipeater is 
used. At TAPR, we wanted 
to play with multi-hop pack- 
eting. so we allowed up to 
eight digipeaters to be speci¬ 
fied. This makes for an ad¬ 
dress field of up to 70 bytes! 
This is a lot of overhead 
merely to send a zero data- 
length ACK. 

Another limitation of 
AX.25 is that it doesn't allow 
for the typical amateur 
practice of roundtable dis¬ 
cussions. Since a station 
may connect only to one 
other station, some sort of 
monitor mode must be en¬ 
abled to see activity from 
other packet stations. If the 
"monitored" FCS is cor¬ 
rupted, the packet is dis¬ 
carded. In the case of very 
weak signals, it is common 
to miss a lot of the moni¬ 


tored activity. Some provi¬ 
sion must be made to 
accommodate this type of 
networking, and it will most 
likely take place at level 
three. This problem appears 
to be unique to amateur 
packet requirements at pres¬ 
ent, so we must pioneer 
and develop this capability. 

The lack of multiple con¬ 
nectivity poses another 
problem. Suppose a station 
has a computer mailbox or 
bulletin-board service avail¬ 
able on packet Since only 
one connection can be 
maintained at a time, only 
one user can check in at a 
time. If others wish to check 
for messages, etc., they 
must wait until the first user 
disconnects. If he suffers a 
power outage or otherwise 
leaves the air without prop¬ 
erly disconnecting, the mail¬ 
box station will lock up until 
reset. Thus, other users are 
denied access. 

There undoubtedly will 
be further experimentation 
with link-level protocols, 
but AX.25 forms a sound ba¬ 
sis and a common language 
for such development to 
build on. 

A Typical Connection 

To illustrate the function¬ 
ing of packet protocol, an 
example of a typical con¬ 
nection sequence follows. 
(Note that in packet par¬ 
lance a connection is merely 
establishing contact with 
the desired station.) Let's 
say that station WA7GXD 
wishes to connect to station 
N0ADI. WA7GXD would 
type at his terminal: C 
N0ADI. 

A packet would be sent 


that could be represented 
as-: FLAG : N0ADI : 
WA7CXD : SABM : FCS : 
FLAG:. 

Note that the destination 
station callsign precedes the 
sending station callsign. The 
control field SABM means 
"Set Asynchronous Bal¬ 
anced Mode," which is data- 
communications talk for 
"connect me to the other 
guy and treat us as 
equals—no one is a control 
station." 

Assuming N0ADI is on 
frequency and his TNC is al¬ 
lowed to accept a connec¬ 
tion request (he is not al¬ 
ready connected with some¬ 
one else), his station would 
respond with—: FLAG 
WA7CXD : N0ADI : UA : 
FCS : FLAG :. 

In this case, the callsigns 
are reversed and the 
Unnumbered Acknowledg¬ 
ment (UA) is sent in the con¬ 
trol field to ACK the con¬ 
nect request At WA7GXD's 
terminal, the following mes¬ 
sage would be displayed: 
“•CONNECTED WITH 
N0ADI, while N0ADI's ter¬ 
minal would display: 
•“CONNECTED WITH 
WA7GXD. At this point the 
TNCs would enter the CON- 
VERsation mode. Now any 
information entered at ei¬ 
ther station will be trans¬ 
mitted to the other station. 

When the QSO ends, one 
station, say N0ADI, will 
place his TNC in the Com¬ 
mand Mode and enter D 
WA7GXD, at which point his 
TNC would send out a 
packet like— FLAG 
WA7GXD : N0ADI : DISC : 
FCS : FLAG :. where DISC is 
the control code to discon¬ 
nect and WA7GXD's TNC 
would respond — : FLAG : 
N0ADI : WA7GXD : UA : 
FCS : FLAG :, and each ter¬ 
minal would then display: 
•“DISCONNECTED. 

While in the connected 
mode, any information en¬ 
tered at one station's TNC 
will be sent to the other sta¬ 
tion and positive acknowl¬ 
edgment utilized to ensure 
that the receiving station in 
fact received the frame cor- 
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The ARRL publishes the Proceedings of the Second 
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cisco in March, 1983. Copies are available from League Head¬ 
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specification. This manual Is available from TAPR for $20.00 
postpaid in the US and Canada. 
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currently $12.00 per year. 

AMRAD, PO Drawer 6128, McClean VA 22106, publishes the 
monthly AMRAD Newsletter, which contains columns on 
packet radio. Annual dues are currently $15.00. 


rectly. If the receiving sta¬ 
tion does not send the re- < 
quired ACK, the sender will i 
repeat it This goes on for up i 
to RETRY times (RETRY be¬ 
ing a user-entered param- I 
eter telling the TNC how 
many times to retry sending 
a packet before giving up . 
and assuming the path no , 
longer is usable between the ( 
stations). 

The reasons that the send¬ 
ing station may not receive 1 
and decode an ACK are 
many. The receiving station 
may not have sent it due to 
(a) corrupted or garbled data , 
bits, (b) someone else trans¬ 
mitting over the packet (a 
collison), (c) the receiving 
unit failed, (d) etc. The ACK , 
may have been sent but not 
received correctly by the 
sending station for the same 
or other reasons. 

In order to minimize the 
chances of a transmission 
getting stepped on or col¬ 
lided with, a station wishing 
to transmit will first listen 
and ensure that it doesn't 
hear any packet activity. 
Only then will it transmit. 
Further, if it is retrying a 
transmission, it will wait an 
additional random amount 
of time before transmitting. 
This helps ensure that two 
stations don't get "locked" 
and continually collide with 
each other 
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If the retry count is ex¬ 
ceeded. the station attempt¬ 
ing to send will then report 
to the terminal: 
‘“DISCONNECTED 
RETRY COUNT EXCEEDED. 

Thus, the operator is kept 
informed of any changes in 
the state of the communica¬ 
tions channel, and valuable 
channel time isn't wasted in 
continually trying to main¬ 
tain contact with a station 
that may not even be on the 
air. 

From the above example 
it can be seen that the proto¬ 
col issues involved in packet 
radio can be very complex, 
but that if properly ap¬ 
proached, the result can be 
extremely reliable commu¬ 
nications and efficient shar¬ 
ing of amateur frequencies. 

Applications 

No discussion of packet 
radio techniques is com¬ 
plete without some mention 
of the mulititude of prac¬ 
tical applications of packet 
radio in the amateur en¬ 
vironment 

Apart from FCC-man- 
dated "advancement of the 
state of the radio art," 
packet provides unique op¬ 
portunities for experimenta¬ 
tion and public service. 

Consider the aftermath of 
a tornado, earthquake, vol¬ 
cano, or other disaster. Usu¬ 


ally. the first emergency 
traffic to be handled is done 
via amateur radio, especial¬ 
ly if the damage is severe 
enough to knock out com¬ 
mercial lines of communica¬ 
tion. In many cases, the traf¬ 
fic entered into the commu¬ 
nications system far exceeds 
the ability of the system to 
handle it The network be¬ 
comes saturated and delays 
increase. It may take hours 
or even days to get all the 
messages handled. 

Typically, voice or CW 
traffic nets are limited to a 
realistic rate on the order of 
tens of words per minute. 
Fatigued operators are sub¬ 
ject to errors in copying and 
otherwise handling the in¬ 
formation. As time wears on, 
the error rate increases. 

RTTY or ASCII offers 
some improvement in sys¬ 
tem capacity, but errors are 
still likely. 

On the other hand, pack¬ 
et offers the capability for 
operators to enter traffic 
without having to listen first 
(the TNC does that for them) 
and allows error-free com¬ 
munications to occur on a 
channel at nearly 1200 wpm 
(not quite 1200 due to ACK 
delays and the like). Multi¬ 
ple messages can be "in 
flight" at any given time, 
and the TNCs can sort it all 
out. Since the TNC likely is 
coupled into a computer 
system at some point, traffic 
can be passed to commer¬ 
cial lanes as they become 
available. Automatic log¬ 
ging of third-party traffic be¬ 
comes trivial. And system 
capacity is on the order of 
20 times that of RTTY. The 
capacity is even greater 
compared to CW or voice 
nets, especially when oper¬ 
ator fatigue is considered. 

As another example, con¬ 
sider the computer-minded 
amateur. Perhaps he has de¬ 
veloped a program he 
wishes to share with another 
amateur. He can place his 
TNC in transparent mode, 
where it passes all data of¬ 
fered to it, and send a binary 
file dump to the other ama¬ 
teur, who passes it directly 


to his computer. Errors are 
trapped before the data is 
passed through, so the recip¬ 
ient can be sure that if he re¬ 
ceives the program, it is 
right 

Another system used ex¬ 
tensively on packet right 
now is the bulletin board, or 
computerized mailbox sys¬ 
tem. Amateurs may leave 
messages for other am¬ 
ateurs or get general infor¬ 
mation items, etc. 

PACSAT is a proposed 
system much like a bulletin 
board except that it will be 
on board a future AMSAT 
spacecraft. Having as much 
as 2 megabytes of memory, 
PACSAT will fly in a Low 
Earth Orbit (LEO) similar to 
OSCAR 8 or UoSAT The 
PACSAT concept is a pio¬ 
neering one in the use of 
low-cost space technology 
since it is far cheaper to in¬ 
ject a satellite into an LEO 
(say, via a $10,000 Shuttle 
Get-Away Special) than to 
inject one into a geostation¬ 
ary slot (for a few million 
dollars). Further, there are 
many more LEO-launch op¬ 
portunities than there are 
geosynchronous ones. 

PACSAT will enable a 
low-power ground station 
with relatively unsophisti¬ 
cated antenna systems (a 
whip will do!) to leave and 
retrieve messages with PAC¬ 
SAT. Since we all don't live 
and work on the same 
schedule, PACSAT opens up 
a brand new opportunity for 
non-real-time "store-and-for- 
ward" communications. 

For satellites such as AM¬ 
SAT Phase III, which require 
a fairly complex ground sta¬ 
tion, packet offers the op¬ 
portunity for several sta¬ 
tions to share a common 
satellite link. By means of 
gateway operation, where 
one packet station has the 
needed equipment to track 
and communicate through 
the satellite, other packet sta¬ 
tions can use the facility by 
operating through the gate¬ 
way much like using a digi- 
peater to increase a station's 
effective range. Similarly, 
HF and high-speed UHF/mi- 
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linear amplifier. 

A compact amp at a compact price 
Only $79.95 Suggested Retail. 


This amplifier is designed for use tviih hand-held transceivers in 
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Because of its light weight and compact size, the LA-2035 can be 
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The LA-2035 is et/uipped with BF activated slattd by circuitry. 

Easy operation. Simply connect your antmna and your hand-held to 
the LA-2035. Connect the LA-2035 to a suitable power supply and go. 


crowave links may be estab¬ 
lished with a gateway con¬ 
cept to allow other pack¬ 
et stations to utilize the 
resource. 

Resource sharing in itself 
is an exciting application of 
packet radio. Perhaps a club 
is heavily involved in com¬ 
puting and wishes to pur¬ 
chase a high-capacity data¬ 
storage medium, such as a 
100-megabyte Winchester 
drive. If the unit is net¬ 
worked into a packet chan¬ 
nel, the various users may 
access it at will. 

Of course, some of these 
activities, such as resource 
sharing, will require higher 
levels of protocol to be de¬ 
fined and developed, but 
the potential is there and 
they undoubtedly will get 
implemented. 

Wrap-Up 

This series of articles has 
introduced you to packet 
radio as it presently exists, 
with a short look into the an- 


where certain fundamentals 
were presented and a pack¬ 
et station analyzed. 

Part II went into some 
detail covering packet hard¬ 
ware, with the specific ex¬ 
ample of the TAPR TNC 
given Sufficient informa¬ 
tion was presented to 
enable the ambitious con¬ 
structor to build a TNC for 
packet operation (and kits 
are now available) 

This last installment has 
given an overview of packet 
protocols and applications. 
While not exhaustive in any 
sense of the word, some 
history and examples have 
shown the types of issues in¬ 
volved and the present level 
of packet communications 
capability. 

For further details on 
amateur packet radio, I en¬ 
courage you to write to Tuc- 
son Amateur Packet Radio, 
PO Box 22888, Tucson AZ 
85734-2888. ■ 
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The CW Stationmaster 

Regeneration turns the worst signal into a CW symphony. 
And that's not all you get when you build this station accessory. 


E very CW operator has 
(at least) two desires: to 
improve his ability to copy 
code through QRM and to 
be able to gauge accurately 
how fast he or the other 
fellow is sending CRASH is 
a device which will enhance 
both abilities and provide a 
few extra options for the CW 

CRASH-Code Regener¬ 
ator And Speedometer Hy¬ 
brid-uses modern phase- 
locked-loop circuitry to pro¬ 
vide good CW regeneration 


for clear copy In addition, it 
counts the code speed of 
both transmitted and re¬ 
ceived signals. As a bonus, 
the unit serves as a code¬ 
practice oscillator that per¬ 
mits the instructor to adjust 
his speed accurately. 

The hybrid part of the 
name CRASH derives from 
the sources of the ideas that 
went into its development 
WB4TYL developed a very 
straightforward CW speed¬ 
ometer, "The Confidence 
Builder" (73. September, 


1980, p 134) One of the 
drawbacks of the unit was 
that it did not work well with 
received signals, since it 
responded to all signals in 
the receiver passband The 
cure for this problem 
emerged from W3BYM's 
"Golden Articulator, a CW 
Regenerator for Amateur 
Receivers" {Ham Radio. Oc¬ 
tober, 1980, p 64). The heart 
of this unit is an LM567 
phase-locked-loop tone de¬ 
coder with a very narrow 
passband. Combining the 


two circuits became an easy 
task, since both made exten¬ 
sive use of LM555 timers, 
very handy devices indeed. 
The remaining chips are 
standard TTL ICs, plus an 
optocoupler and an LM386 
audio amplifier. 

By combining the two cir¬ 
cuits, with additions and 
modifications, we achieve 
the following results: 

• a CW regenerator with a 
narrow, variable frequency 
passband for single-signal 
reception; 





• automatic or manual 
return from the regenerator 
function to receiver audio; 

• a CVV speed counter 
which updates every five 
seconds; 

• provision to count either 
transmitted or received 

code speed; 

• a code-practice oscillator 
suitable for training Novices 
through Extra-class hams by 
precisely setting the prac¬ 
tice speed; 

• optically isolated keying 
of the unit in the CPO func¬ 
tion; 

• digital output for audio 
input, hence the possibility 
of keying other devices, 
such as a computer or TV 
readout, 

• relatively simple circuitry 
through extensive use of 555 
timers; 

• a design amenable to 
one-stage-at-a-time build¬ 
ing and adjustment. 

liven if you do not want 
to copy CRASH as a total 
unit, there may be some 
useful ideas in it for other 
projects around the shack 

Functional Analysis 

Although the circuit di¬ 
agrams (Figs. 2 and 3) appear 
complex, the functions 
break down in a very direct 
manner. Fig. 1 provides a 
block diagram of the en¬ 
tire unit to make clear 
what happens to CW enter¬ 
ing at the audio input jack. 
Since there are so many 
555s, each has been given a 
functional name for easy 
identification. 

When receiving CW, the 
567 tone decoder is the first 
step in the signal processing. 
It has a very narrow band¬ 
width. even with high inputs 
14% of the audio frequen¬ 
cy Over the range of the de¬ 
coder (400 to 2000 Hz) this 
amounts to 56 to 280 Hz, a 
figure excellent for CW, but 
also capable of producing 
ringing in most filter designs. 
Since we throw away the 
audio at this point and 
create our own in a later 
stage, ringing is no problem 
From the decoder, which 



produces a digital low when 
a signal is present, we move 
in three directions One is to 
a tone generator (555) which 
produces new CW in the 
astable mode. Adding the 
LM386 amplifier lets us 
change the square-wave 
output into something a bit 
less harmonic-laden, but 
still not a pure, monotonous 
sine wave. 

The second direction is to 
a pair of 555 relay drivers. 
The first has variable delay 
time and is activated by the 
presence of CW plus a short 
press of the spring-loaded 
toggle switch There is also a 
manual switch to change 
from receiver audio to re¬ 
generated CW The second 
relay driver has a fixed 
2-second period and is acti¬ 
vated by the first when its 
cycle ends. This permits 
time for continuing CW to 
reactivate the first driver, 
thus holding the relay in for 
the entire transmission. 

The third direction from 
the decoder is to the 555 
pulser which triggers the 
counter. For each leading 
edge of a dot or dash, the 
pulser sends a very short 
(10-ms) pulse which the 
counter section counts dur¬ 
ing a 4 7-second period. The 
readout provides a display 
of the code speed 

The counter section itself 
is very standard and might 
.... 


be considered obsolete in 
the face of new combined 
devices available for count¬ 
ing and readout work. A 555 
clock provides adjustable 
4.7-second highs to enable 
counting and a brief .1-sec¬ 
ond low for resetting and 
latching. The 7490s build the 
count during the high, and 
their last count is latched in 
the 7475s by the low while 
the 7490s reset. The latched 
count is converted to 7-seg¬ 
ment display format by the 
7447s and read out on the 
common anode displays. 
The counting section runs 
continuously in all modes of 
operation of CRASH, and 
thus can tell us the received 
speed, the transmitted 
speed, or the CPO speed. 

Back at the main board, 
there is a provision for 
switching in speaker audio 
to the pulser through a step- 
up transformer and a bridge 
rectifier and filter. One sec¬ 
tion of a 7414 Schmitt trig¬ 
ger inverter provides a sharp 
square signal to cue the 555 
pulser This section is most 
useful in checking transmit¬ 
ted speed by using the side- 
tone. Since the sidetone will 
rarely be in the passband of 
the decoder, it will not reg¬ 
ister unless we retune (a 
bad idea) or unless we use 
a wideband circuit (a bet¬ 
ter idea). 

The tone generator and 


pulser also can be triggered 
directly so that we can use 
the CRASH unit as a code- 
prat tice oscillator. Since all 
my equipment is set up for 
negative-voltage keying, an 
optoisolator/coupler (TIL- 
116) with a negative supply 
permits me to switch to the 
CPO mode and key a com¬ 
patible voltage. The inverter 
provides the necessary high 
for the tone generator and 
pulser. In fact, the inverters 
shown but not mentioned 
are also placed in the circuit 
just to make sure that each 
device receives a control¬ 
ling signal of the proper 
high or low state, as needed. 

For the entire unit, a rela¬ 
tively simple power supply 
suffices The five-volt sup¬ 
ply needs to be very well fil¬ 
tered (since we are working 
with audio and not just dig¬ 
ital signals) and well regu¬ 
lated (for TTL chips). In fact, 
the combined digital-audio 
techniques represent a sec¬ 
ond reason for calling 
CRASH a hybrid circuit The 
negative supply is uncritical; 
with component adjust¬ 
ment, anything from —15 to 
— 50 volts will work 

Circuit Details 

Having run through the 
entire unit, let us look at 
some of the circuit details 
that bear mentioning, either 
because we might want to 
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experiment with them or 
because some caution may 
be in order Fig 2 will aid 
us here 

The 5b7 tone decoder 
chip is extremely versatile, 
and a data book will provide 
you with enough informa¬ 
tion to experiment with val¬ 
ues The frequency range of 
the unit with the resistor and 
capacitor values shown at 
pins 5 and b runs from a lit¬ 
tle over 400 Hz to just above 
3000 Hz. The last thousand 
Hz are extremely com¬ 
pressed, and 2000 Hz is the 
useful upper limit for tuning 
in signals, If you prefer a dif¬ 
ferent range, the frequency 
is determined by the for¬ 
mula F 0 = 1.1/R1C1, where 
R1 is the series-parallel com¬ 
bination of the 25k pot, the 
120k resistor, and the 3.3k 
resistor, and Cl is 1 uF The 
minimum resistance should 
be no less than 2k. 

With most received sig¬ 
nals, the input signal level 
will run above the 200-mV 
level at which the decoder 
limits and the bandwidth 
levels at 14%. For maximum 
speed of the decoder, that 
is, the fastest rate of cycling 
in response to received 
code, C2, the bandwidth fil¬ 
ter should be derived from 
the formula C2 = 130uF/F1, 
where FI represents the low¬ 
est frequency to be used. 
This gives a value of .325 uF, 
and hence the 47-uF ca¬ 
pacitor shown. C3, the out¬ 
put filter, should be about 
twice the value of C2 as a 
minimum, hence the 1-uF 
unit. The 1-uF feedback ca¬ 
pacitor between pins 8 and 1 
provides suppression of 
chatter, that is, multiple on- 
off cycling at the leading 
and training edges of the 
dots and dashes (a phenom¬ 
enon which does not dis¬ 
turb the tone generator, but 
which produces some unbe¬ 
lievable code-speed indica¬ 
tions). Since the highest cy¬ 
cling rate for the unit is giv¬ 
en by the decoder frequen¬ 
cy divided by 20, and since 
for practical purposes the 
highest code speed is about 
twice this value (in terms of 
- 



Fig. 3. Counter, display , and power supply sections oi CRASH. 
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Fig. 4. Using a 74(X> in place of the 7414. 


dots and dashes, not in 
terms of bauds), the values 
shown may be a bit low for 
those who listen to lower- 
speed code in the main. 
Static, which is random in 
tone and hence sometimes 
is in the passband of the 
decoder, may activate both 
the tone generator and the 
counter. Experimenting with 
values for C2 (and adjusting 
C3 accordingly) can over¬ 
come this at some loss of 
tracking at the very highest 
speeds The feedback ca¬ 
pacitor should also be 
enlarged in such cases. 

A single 7414 chip pro¬ 
vides all the inverters need¬ 
ed for the entire unit—with 
two left over. The 7414 in¬ 
verters are Schmitt triggers 
which provide extremely 
sharp rise and fall slopes. 
About the only place they 
are essential is just preced¬ 
ing the pulser to sharpen the 
rectified audio into a good 
digital pulse to key the puls¬ 
er cleanly The two inverters 
feeding pin 4 of the tone 
generator could have been 
combined into a NAND gate 
(14 of a 7400) as shown in 
Fig. 4, with the remaining 
sections used as inverters by 
tying together their in¬ 
puts This would have saved 
the use of diodes and 


the Ik ground-return resis¬ 
tor. Either system should 
work well 

All of the 555s are used in 
standard ways as either 
monostable timers or as 
astable oscillators. Among 
the monostables are the re¬ 
lay drivers. The first has a 
variable time period of 1 to 
5 seconds, which is con¬ 
trolled from the front panel 


onds This system is more re¬ 
liable than the original, 
which used a large capacitor 
across the coil of the relay. 
The value of the requisite 
capacitor will vary accord¬ 
ing to the coil characteris¬ 
tics; the present system 
makes the delay in opening 
the speaker to receiver au¬ 
dio independent of the re- 
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Fig. 5. An alternative audio amplifier. 


lay The TOO-Ohm resistor 
between the output diodes 
from the 555s arid the relay 
may require some adjust¬ 
ment depending on the re¬ 
lay you have in hand The 
Auto switch is a spring load¬ 
ed toggle which shorts out 
the resistors and keys the 
relay when a signal has acti¬ 
vated the first driver Since 
the voltage needed to pull in 
a relay is greater than that 
needed to hold it in. the re¬ 
lay remains in the circuit 
as long as either one of the 
drivers is activated. The 555 
is triggered faster than its 
output falls, so there is no 
noticeable voltage drop dur¬ 
ing the transition from the 
first to the second driver 
The Manual switch allows 
you to hold in the relay 
independently of the Auto 
circuit. 

The other monostable 
555 is the pulser whose 
10-millisecond pulses per¬ 
mit tracking of CW to a very 
high speed 

The tone generator is a 
standard audio range asta- 
ble circuit for the 555 Vol¬ 
ume and tone controls are 
provided on the front panel 
With the values shown, 
tones from 200 Hz to 3000 
Hz are available. Contrast 
this Circuit, where the wave 
has nearly equal positive 
and negative halves (or near¬ 
ly equal on and off times), 
with the clock 555, which 
places the large resistor 
value between Vcc and pin 
7. Here the "on" time is very 
long and the "off” time very 
short. The 4.7-second on 
time can be adjusted using a 
digital stopwatch (averaging 
several tries) or by allowing 
the counter to show the 
speed of a known trans¬ 
mission, such as a timed 
code-practice session The 
1-meg pot shown should be 
a miniature trimmer with 10 
to 15 turns; otherwise, the 
adjustment will be very 
tricky. The 01 capacitor 
from the clock to the 7490s 
provides a count-clearing 
pulse that drops again 
through the resistor to [>er- 
mit gathering a new count 
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The inverter provides the 
positive pulse to the latches 
to clear their old count and 
take on a new one for dis¬ 
play. At the 7-segment read¬ 
out, the single 100-Ohm re¬ 
sistor provides a simple 
means of lighting the units; 
however, brightness will 
vary depending on how 
many segments are lit simul¬ 
taneously. For constant 
brilliance, use a 300-Ohm re¬ 
sistor in each lettered leg 
and omit the 100-Ohm unit 
in the supply line. Note that 
the lead zero is suppressed. 
The schematic shows the 
units in reverse order of 
visual indication—be sure 
to get the tens unit on the 
left For common cathode 
displays, use 7448s instead 
of the 7447s and reverse the 
supply voltage 

Supplementing the basic 
circuit are a number of fea¬ 
tures. The optoisolator/cou- 
pler permits use of the unit 
as a code-practice oscil¬ 
lator The internal LED of 
the TIL-11b (or just about 
any other available similar 
unit) is fed negative voltage 
through a multi-turn pot trig¬ 
ger-level adjustment. Use 
the minimum current that 
will key the output transis¬ 
tor cleanly, since there is 
little load on the circuit. 
The 47-Ohm resistor be¬ 
tween the pot and the 
TIL-116 is a safety feature 
limiting the maximum cur¬ 
rent the LED can draw. 

The LM386 is an extreme¬ 
ly easy chip to use as an am¬ 
plifier. It provides about a 
quarter Watt of power at 5 
volts, far more than enough 
for a single CW tone. The 
1-uF capacitors at the input 
make triangles out of the 
555 square waves: Under 
load, these bend into hybrid 


sine and square waves, 
which are very pleasant to 
listen to for long periods of 
CW. The series resistor and 
capacitor to ground in the 
output might be omitted at 
the risk of what National 
Semiconductor calls "bot¬ 
tom side fuzzies," a distor¬ 
tion to the negative peak of 
the waveform I was able to 
produce this effect easily, so 
I recommend retaining this 
simple insurance of good re¬ 
production. If you desire 
more power. Fig. 5 shows an 
alternative amplifier using 
the LM383. This one will fill 
an auditorium with sound if 
your speaker is big and good 
enough. 

The transformer and 
bridge circuit are miniature 
parts, the transformer being 
a reversed transistor output 
unit for driving speakers 
The diodes (like all others, 
except in the power supply) 
are 1N914 equivalents. One 
uF should work as the filter, 
but you might wish to verify 
first that the inverter swings 
cleanly and that the counter 
gives accurate readouts 
The bias pot, another multi¬ 
turn unit, should be set for 
about .8 volts More precise¬ 
ly, adjust it for a level that 
permits audio signals of 
moderate level to cleanly 
swing the inverter. 

Switching within the unit 
may look complex, but actu¬ 
ally is straightforward. The 
TX-CPO 4-pole, 2-position 
rotary changes several 
things at once. The speaker 
audio reaches the decoder 
in the TX position. In the 
CPO mode, the amplifier 
(LM386) output is switched 
to the speaker rather than 
allowing the relay to con¬ 
trol it as in the TX mode. 
The key is switched from the 


TIL-llb circuit (CPO) to the 
transmitter (TX). Finally, a 
pair of LEDs are switched to 
indicate the mode. Other 
switches are the two relay 
driver control switches, a 
DPDT toggle to place the 
audio input into the bridge 
and counter circuit (with 
LEDs to indicate what is 
being counted), and the 
power switch One other 
LED appears in the decoder 
circuit to give a visual in¬ 
dication of tone-decoder 
signal lock and the code be¬ 
ing received. 

The power supply is nor¬ 
mal in every respect, with an 
LM309K regulator in the 
+ 5-volt line Note the 
heavy filtering in this supply 
to suppress hum. Those who 
work with digital circuits are 
accustomed to using about 
3000 uF in such circuits, but 
audio requirements are 
much more stringent. The 
negative supply is unregu¬ 
lated and uses a small trans¬ 
former from the junk box. 
Since its only function is to 
provide voltage and current 
to the optoisolater/coupler. 
not much of either is needed 
and any small transformer 
from 15 volts up will work. 
Although the LED in the 
TIL-116 requires only about 
1.7 volts, the higher initial 
voltage provides room for 
adjustment of LED current 
to the lowest level that will 
key well 

Construction 

Duplication of CRASH ex¬ 
actly as shown is a fairly 
straightforward task, but it 
may not be the best way for 
you to go Many of the cir¬ 
cuits can be replaced with 
others you prefer, and as 
long as each works at TTL 
levels, substitution should 
present few problems Many 
extra features can be built 
into the unit to serve your 
CW needs, so before build¬ 
ing, try modifying the design 
to fit your desires. After all, 
this is how CRASH hap¬ 
pened in the first place—by 
a combination and adaption 
of ideas used by WI34TYL 
and K3BYM. The odds are 
..• 




you can come up with some 
new design wrinkles and 
improvements 

Construction of the 
CRASH unit is a matter of 
taste All will fit in a Radio 
Shack 9“ by 5" by 6" cabi¬ 
net. as the photo shows. Fig. 
6 shows a sketch of a layout 
for inside the cabinet, while 
Fig. 7 suggests some board 
layouts by reference to the 
ICs Although the prototype 
was built around two 
boards —one for processing, 
the other for the counter —I 
recommend using three The 
processing board is over¬ 
crowded after circuit modi¬ 
fication and adjustment 
Radio Shack digital exper¬ 
imenter boards (#276-156) 
for use with edge connec¬ 
tors (#276-1551) make con¬ 
venient bases for the com¬ 
ponents. and Fig. 7 is drawn 
with these boards in mind 
The counter board contains 
the 7490s, the 7475s. and the 
7447s lined up in rows as in 
the schematic. The ouputs 
to the display board use a 
14-line DIP connector set A 
slightly larger set would per¬ 
mit running the power and 
ground connections as well 
The processing board 
should contain the 567 de¬ 
coder, the 7414 inverter 
chip, the 555 pulser, the 555 
clock, the transformer and 
bridge circuit, and the 
TIL-116 optoisolators. A sep¬ 
arate audio board should 
contain the 555 tone genera¬ 
tor. the 386 amplifier, and 
the two 555 relay drivers. 


along with the relay. The 
three boards might be 
mounted vertically in the 
case. The power supply is 
built on perfboard and 
mounted on standoffs at the 
bottom of the case for good 
weight balance. The display 
board also uses perf materi¬ 
al and is held to the front 
panel by standoffs attached 
to the lugs on the bezel for 
the readout Since most 
bezels are large enough for 
up to six digits and we only 
need two for this project, in¬ 
dicator LEDs (six of them) 
are mounted on the display 
board against a black foam 
background This minimizes 
panel work and makes an ef- 
fective blackout display 
when power is off. 

Since the photo of the 
front of the unit was taken 
before the addition of the 
lettering, the panel control 
knobs are as follows, from 
left to right: decoder fre¬ 
quency. relay delay, TX-CPO 
switch, regenerator tone, 
and regenerator volume. 
The toggle switches along 
the bottom of the panel are, 
also left to right, ac power, 
auto relay, manual relay, 
and audio-oscillator count¬ 
ing Were I to build a sec¬ 
ond version of this unit, 
about the only change I 
would make is to add a 2:1 
or 3:1 vernier to the decoder 
frequency control, since 
tuning is just a bit tight at 
higher audio frequencies. 

Because the unit mixes 
digital and audio functions. 


it is easy to slip into digital 
habits and ignore the fact 
that ground loops and hum 
pickup are potential prob¬ 
lems in layout. Besides using 
a high level of filtering in the 
+5-volt supply, some extra 
precautions will minimize 
problems. Use short ground 
leads and attempt to ground 
all parts of each circuit to a 
common pad or small area 
Croup the main audio cir¬ 
cuits together especially the 
555 tone generator and the 
386 audio amplifier Use 
shielded leads from input 
and output terminals to 
the boards, and between 
boards, for all audio lines 
On each board, run a 47-uF 
or 100-uF electrolytic to 
ground at the power entry 
point and bypass each chip 
with at least a .01-uF disc ce¬ 
ramic capacitor 

Since you will be using 
the unit in the presence of 
your transmitter and with 
the keyline running into the 
unit, good rf practice is also 
essential Bypass both ac 
lines where they enter the 
case with .01 -uF disc ceram¬ 
ic (1000-volt units, which are 
getting harder to find at dis¬ 
count prices). Also bypass 
the key jack and the trans¬ 
mitter jack with .01 units. 
Since rf can instantly disable 
many ICs, especially at 
transmitter leakage power 
levels, the more bypassing, 
the better. It should not af¬ 
fect dc levels in the keying 
circuits. When you develop 
your own layout, be gener¬ 



Fig. b. General layout sketch for CRASH. 
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ous in this department. If in 
doubt, bypass it. Finally, be 
sure the case is at dc ground 
potential. Some of the anod¬ 
ized cases make it difficult 
to get a good ground con¬ 
tact, so be sure to use a 
good tooth washer at con¬ 
tact points 

Since this is a one-of 
a-kind unit, I regret that 
no circuit boards are avail¬ 
able. However. The Radio 
Shack epoxy experimenter 
boards are fun to use. and 
where perfboard is recom¬ 
mended. the wiring is easy 
and straightforward The 
toughest problem will be 
to have patience during 
construction. 

When you build the unit 
(if you do build one), I 
recommend one of two pro¬ 
cedures Either build the 
unit a stage at a time, or at 
least omit the power lead to 
every chip until it is time to 
check out the circuit The 
first step, as in all projects, 
is to build and test power 
supplies. Once these are 
ready, we can work pro¬ 
gressively through the rest 
of the stages. 

A good place to start is 
with the counter board, 
which can be built com¬ 
plete, along with the seven 
segments of the display 
board. Since there are few 
components besides jump¬ 
ers between ICs, visual in¬ 
spection should prepare you 
for testing under power. 
Next, verify the clock 555 as 
operating by checking its 
output (and the output from 
its inverter section) with a 
VTVM. If all is well, connect 
to the counter board. Only 
the right (ones) digit should 
light and show zero (al¬ 
though there may be a spuri¬ 
ous count when power is ap¬ 
plied) For test purpose's, you 
can key 5 volts through a re¬ 
sistor (say 1 k) to the counter 
input to verify counting If 
all is well, time the counter 
with a stopwatch An easy 
way to check periods is to 
tap the key a few times so 
that the count changes at 
the end of the period The 






Fig. 7. Suggested board layouts for CRASH. 


target for reasonably accu¬ 
rate code-speed readouts is 
4 8 seconds per total cycle. 

The next step is to verify 
the 555 tone generator In 
the absence of the tone de¬ 
coder and TIL-116 keyer. 
key the tone generator by 
applying 4 5 volts to pin 4 
When you are satisfied with 
its volume and tone ranges, 
add the 386 amplifier. If you 
have a scope, you can check 
the waveform and adjust 
the capacitor network be¬ 
tween the 555 and the 386 to 
suit your taste. The 555 can 
overdrive the 386, so check 
the output with a scope if 
you can. Adjust the cou¬ 
pling capacitor (shown as 
.02 uF in the schematic) so 
that the waveform just be¬ 
gins to flatten at full 
volume 

At this point, you can ■ 
move in several directions 
according to your prefer¬ 
ence Now is a good time to 
wire the TX-CPO switch and 
adjust the TIL-116 optoisola- 
tor/coupler. Begin with max¬ 
imum resistance on the 20k 
multi-turn pot and reduce 
the resistance until pin 4 of 
the TIL-116 shows clean key¬ 
ing without hanging, as indi¬ 
cated by a VTVM The ob¬ 
ject here is to get clean key¬ 
ing of the tone generator 
with minimum current to 
the LED. Since the inverter 
requires little current from 
the phototransistor output 
of the TIL-116, there is lit¬ 
tle need to overdrive the 
system 

We can now count our 
own code speed as we key 

54 73 Magazine • January, 1984 


the optocoupler, since the 
inverter which keys the puls- 
er is driven Adjust the bias 
10k multi-turn pot until the 
output of the inverter (pin 9) 
also shows clean keying 
without hanging, as indi¬ 
cated on a VTVM. About 8 
volts of bias will suffice, and 
we will readjust this control 
in a moment For now. we 
should see our code-speed 
readout on the seven-seg¬ 
ment displays every 4 8 sec¬ 
onds. To be sure that count¬ 
ing is good, key the unit a 
known number of times 
(that is, 2 to 12 or so dots) 
within a counting period 
and wait for the readout to 
correspond. In this way, we 
can check that the counter 
and pulser are giving us 
proper performance. 

At this point, wire the AF- 
OSC switch and the input to 
the transformer. The OSC 
position is blank, since the 
incoming count connection 
is made directly to the 
pulser's inverter. Audio from 
the speaker, however, goes 
directly to the transformer 
through the switch to count 
the sidetone oscillator dur¬ 
ing transmit periods or to 
count received signals when 
the band is clear. An audio 
generator with a few volte 
output at low impedance 
will aid you to readjust the 
bias 10k pot so that The key¬ 
ing is clean Weak signals 
may not push the voltage to 
the inverter high enough to 
trigger the inverter, but once 
connected to the receiver, 
the sidetone should key the 
counter easily. You may 


want to tweak this adjust¬ 
ment later when the unit is 
connected to the station rig. 

We have saved the tone 
decoder 567 for last Using 
the audio generator so that 
the 567 has about .2 volts at 
its input and with the TX- 
CPO switch in the TX posi¬ 
tion, locate and lock the au¬ 
dio signal with the frequen¬ 
cy control. 700 to 900 H/ 
should put the control 
about midrange using the 
series-parallel resistor com 
bination given. If you key 
the audio line, the tone gen¬ 
erator should follow with¬ 
out delay and the count 
should be accurate. If the 
count goes very high, even 
at slow keying, you proba¬ 
bly are experiencing chatter 
and may want to increase 
the feedback capacitor be¬ 
tween pins 8 and 1 from the 
1-uF value shown. The LED 
from Vcc to pin 8 should 
also track the keying. 

Assuming that all is well 
to this point, check the unit 
with on-the-air signals on a 
fairly clear band. If the 567 
responds too readily to 
noise (anything from QRN 
to internal receiver pops), 
you may want to increase 
the values of the capacitors 
at pins 2 and 1 of the 567, re¬ 
membering to keep the 
larger about twice the value 
of the smaller. This will slow 
down the response of 567. 
We cannot eliminate all re¬ 
sponse to noise without cut¬ 
ting off higher speed CW, 
but we can find values that 
will keep the counts fairly 
accurate and eliminate hash 


from the keying of the tone 
generator 

At this point, the CRASH 
unit should be operational 
and ready for dial decals, 
case covering, and regular 
use in the shack 
Operation and 
Modification of CRASH 

Operating CRASH is sim¬ 
ple but requires some ad¬ 
justment of your habits 
When receiving CW, find 
the desired signal with the 
frequency rontrol The LED 
will track the code when the 
signal is in the passhand of 
the 567 If the signal drifts, 
it is probably better to ig¬ 
nore the regenerator and 
concentrate on the station 
Stable signals, however, will 
stay in the passband Once 
the signal is acquired, use 
either the auto or the man¬ 
ual toggles to switch to the 
regenerator 

Since CW without QRM 
and QRN sounds strange at 
first, you may initially dis¬ 
like the effect Part of learn¬ 
ing to like dear reception is 
choosing tone and volume 
settings that please your 
ears. You may find that you 
prefer a lower volume than 
with received signals, and 
the tone you choose may be 
something different from 
where you usually tune sig¬ 
nals in the receiver pass- 
band Experimenting with 
signals on relatively clear 
bands is the best way to 
match the unit to your 
preferences 

Although the 567 tone de¬ 
coder accepts a wide range 
of input levels, receiver 
characteristics limit the use¬ 
ful range Weak signals be¬ 
yond the receiver age limit 
can fade below the 567's 
ability to lock, and excessive 
volume may be accom¬ 
panied by enough noise 
pulses to hold in the relay 
continuously, even without 
a signal The level control 
can be adjusted to provide 
the 567 with input voltages 
tailored to your own habits 
with the receiver volume 
control However, you may- 
have to adiust receiver vol¬ 
ume to suit the 567 if you of- 







ten move from noisy bands 
with high signal levels, like 
80 meters, to quiet bands 
with weak signals, such as 15 
meters in the evening Con¬ 
siderable experience using 
the CRASH unit may be 
needed before you settle on 

ting of the level pot 

Although the unit oper¬ 
ates well as is, CRASH is a 
good project for trying out 
new ideas For example. Fig. 
8 shows the insertion of an 
amplifier to isolate the au¬ 
dio to the speaker from the 
inputs of the transformer 
and the 567. Any amplifier 
which limits the voltage at 
the output in a controllable 
way should work here Fig 8 

tor in the relay circuit, in 
case you wish to drive relays 
of other than 5 volts, or in 
case you want to drive a 
heavier load. 

In addition to these op¬ 
tions, which have been tried 
but are not used in this ver¬ 
sion, the CRASH unit pro¬ 
vides possibilities for exter¬ 



nal connections Since the 
567 bandwidth is narrow 
and its output is digital, the 
unit can also be used to key 
other devices. Fig. 8 shows 
inverters as buffers to other 
devices, such as a MORSH- 
ASCII converter system tor 
television or a computer 
readout of the CW How you 
do this is open to many op¬ 


tions, and a system is under 
development here for driv¬ 
ing a TRS-80 III. Once you 
have brought the unit this 
far, then computer keying, 
automatic logging, and 
other station conveniences 
are only a dream and a 
soldering iron away. 

In short, the CRASH unit 
not only works well as a CW 


regenerator and code speed¬ 
ometer. but it also forms 
the basis for a number of 
other station options. But 
that is the way it usually 
goes with ham projects: One 
thing leads to another and 
nothing is ever finished for 
good. There is no telling 
what a good CRASH will 
lead to next ■ 
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Top Drawer, Micro-Style 

Building circuits is fun , but drawing them isn't. 
Let your Apple do your drafting. 



U sing a microcomputer 
to assist in designing 
circuits is a natural I recog¬ 
nized this shortly after ac¬ 
quiring my Apple computer 
and proceeded to build a li¬ 
brary of electronic-design 
programs. My library covers 
such things as audio filters, 
timers, multivibrators, and 

of the programs were en¬ 
tered from magazine arti¬ 
cles such as those found in 
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back issues of 73. These pro¬ 
grams are a real asset when 
designing or trying to "ball¬ 
park" component sizes for a 
particular application. 

As helpful as these pro¬ 
grams are, they have one 
major weakness: They have 
no way of displaying the cir¬ 
cuit diagram To make mat¬ 
ters worse. they usually refer 
to components as "R1" or 
"C3." To find out where 
"C3" is located in the circuit, 
you have to find the article 
from which you entered the 
program and hope that the 
author included a circuit 
diagram with all of the com¬ 


ponents labeled correctly If 
you are like me, you will 
probably find that you lent 
that particular magazine to 
a friend who just left town 
for a sabbatical in South 
America! 

Well, hang on, help is on 
the way. This article de¬ 
scribes how you can incor¬ 
porate that schematic dia¬ 
gram within your program 
so that it will be available at 
the touch of a button. 

I have devised a system 
that uses the excellent 
HIRES capability of the Ap¬ 
ple II to your best advan¬ 
tage. I decided that the sys¬ 
tem to be used should be 
fairly easy to implement; I 
did not want to spend hours 
entering a diagram for each 
program. I needed a system 
that would be flexible so 
that I could enter all types 
of electrical schemati'cs, not 
just one unique circuit Last¬ 
ly, the system had to allow 
me to enter fairly complex 
circuits. 

With all of these (Joints in 
mind, I embarked on a six- 
month project to develop 
the system described here. I 
call it my "EGG" (Electronic 
Graphics Generator), and it 
really works 

The EGG is nothing more 
than a shapefile with up to 


200 shapes and a system to 
map the shapes onto the 
HIRES screens. (Currently 
there are 135 shapes in the 
shapefile but I have set up 
the file to handle up to 200 
for any future expansion.) 
The first 59 shapes are char¬ 
acters generated by the Ap¬ 
ple's text generator. These 
shapes are used for labeling 
circuits and components 
and for any text desired on 
the HIRES screen with the 
circuit diagram. Shapes 60 
through 65 are Greek letters 
common to electrical dia¬ 
grams (such as lambda for 
wavelength), 66 through 99 
are the actual electrical 
components, and the re¬ 
maining shapes are used for 
connecting the components 
and drawing rectangles rep¬ 
resenting ICs. 

The Apple HIRES screen 
dimensions are 280 points 
horizontal by 192 points ver¬ 
tical. I used these dimen¬ 
sions to determine the opti¬ 
mum size for each shape in 
my shapefile Each shape is 
drawn within a grid that is 15 
X15 with the origin of the 
shape located at the center 
cjf this grid. Using these di¬ 
mensions, I could accom¬ 
modate 18 shapes horizon¬ 
tally and 12 shapes vertical¬ 
ly for a total of 216 shapes 
















Table 1. These are the shapes in the shapefile along with their respective shapenumbers. You may add an additional sixty-five 
shapes to the file if you can think of any to add. 


on each screen. With two 
HIRES screens available, I 
could have up to 432 com¬ 
ponents in my circuit, more 
than enough. 

Practically speaking, the 
number of components you 
will be able to fit on the 
screen will be much less as 
labels and connecting lines 
take up some space. To 
date, the largest diagram I 
have used contained 28 
components and it easily fit 
onto one screen. With a lit¬ 
tle effort you should be able 
to get as many as 50 compo¬ 
nents on a screen and still 
have them labeled properly 
Fig. 1 is an active audio filter 
which I recently used in a 
program. As you can see, 
this is a moderately complex 
circuit but it fits on the 


screen well and all of the 
components are easily 
recognizable. 

As mentioned, the shapes 
are all centered in a square 
measuring 15 spaces times 
15 spaces. This is an impor¬ 
tant point and I want to ex¬ 
plain it in more detail. If you 
examine shape 76, a stan¬ 


dard diode, you will notice 
that the leads are centered 
on the 15X15 grid. I have 
enlarged this in Fig. 2 so it 
may be seen more readily. 
You will find that all of the 
components have their 
leads exiting on a center 
line, either horizontal or ver¬ 
tical If I draw two of shape 


76 and each is rotated 90 de¬ 
grees, with one centered 15 
spaces above the other, the 
leads will appear to connect 
as shown in Fig. 2. Having 
the origin of all of the 
shapes located in the center 
allows us to use the ROT (ro¬ 
tate) command so that we 
can draw the diode as 



Fig. 2.(a) Shape #76 as it would appear under a magnifying glass, (b) This drawing shows how 
the shapes are rotated and combined to form schematics. 
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shown, and you will find 
that the leads exit the grid 
centered on either side. By 
maintaining this convention 
throughout the shapefile, I 
have made it possible to 
draw any of the components 
in any of four orientations 
with their leads available for 
easy connection to the next 
component. 

By now you should have a 
good idea of how the shape- 
file is set up. Next, I will de¬ 
scribe how to use it to get 
diagrams into your pro¬ 
grams. There are two meth¬ 
ods. One is quick from a pro¬ 


gramming point of view but 
takes longer to execute and 
uses more room on your 
diskettes. The other takes a 
little longer to program but 
executes quickly and takes 
little storage room. 

The first method is to use 
the schematic draw-and-edit 
program accompanying this 
article. This program makes 
it very easy to draw, label, 
and edit a diagram. Once 
the diagram is drawn, the en¬ 
tire map of the HIRES 
screen is saved to disk. This 
method is quick. (The 
schematic in Fig. 1 took 


about ten minutes to draw 
and edit using the EGC pro¬ 
gram.) The main drawback 
to this method is that each 
screen must be loaded from 
disk when needed. It takes 
about 34 sectors to store this 
much information, and it 
takes about 8 seconds to 
read it in from disk. This 
8-second delay in the middle 
of a program is mildly dis¬ 
concerting but certainly ac¬ 
ceptable. 

The second method is to 
enter into your program the 
necessary BASIC language 
statements to draw the 


shapes during program exe¬ 
cution. Using this second 
method to generate the dia¬ 
gram of Fig. 1 took less than 
one second during program 
execution but requires 
about thirty minutes of pro¬ 
gramming. 

Using the EGG program is 
really quite easy as it is 
menu-driven and contains 
many useful edit com¬ 
mands. There are two levels 
of menus. The first level is 
used to select which HIRES 
screen you are interested in 
using and the second level 
allows selection of various 


Program listing 1. This is the 
actual shapetable. This 
should be entered exactly as 
shown beginning at address 
hex 8000. 
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operating modes. From this 
second level you may save a 
HIRES screen to disk or load 
one into memory from disk, 
and you may enter a new 
schematic, edit one already 
in memory, or return to the 
first menu. If you select the 
enter or edit mode, you will 
next see the HIRES screen 
either blank or with the last 
schematic you put there. 
You also will see a small ar¬ 
row and a three-digit num¬ 
ber in the upper-left corner 
of the screen. The arrow in¬ 
dicates the rotation applied 
to the next shape to be 
drawn, and it may be turned 
by pressing the R key. The 


three-digit number shows 
the shape number to plot 
next. 

To plot a shape, move the 
cursor to the desired place 
on the screen using the I, J, 
K, and M keys. Enter the 
shape number and push P 
(Plot). Some other available 
commands are Erase, Finish, 
and Text. This last com¬ 
mand puts you into the text 
mode so that you can add 
text to your schematic 

The edit commands in the 
text mode are similar to 
those in the diagram mode 
except that you use the 
CTRL key to get the function 
desired. To get the text onto 


the screen, just type the 
characters desired and they 
will be plotted automatical¬ 
ly. In both text and diagram 
modes you can move the 
cursor through your drawing 
without affecting the draw¬ 
ing. I have included a com¬ 
prehensive set of instruc¬ 
tions within the program 
and about two minutes of 
practice is all you will need 
to start diagramming. If you 
don't feel up to entering the 
ECC utility, you can always 
use the second method of 
putting the diagram into 
your programs. 

Get some graph paper (I 
use paper with half-inch 


squares). Position the paper 
with the long side horizontal 
and draw a grid of half-inch 
blocks so that you have 16 
columns and 12 rows. Draw 
a heavy line between the 
second and third row from 
the bottom. This line is the 
bottom of the page 1 screen. 
Starting at the top left, label 
the first column 15, the sec¬ 
ond column 30, the third 
column 45, and so on until 
the last column is labeled 
270. Starting at the top left, 
label the rows in a similar 
fashion so that the bottom 
row is labeled 180. Next you 
should make copies of this 
as it is your worksheet for 


Program listing 2. This is a listing of the timer program dis¬ 
cussed in the text. It works well ; give it a try the next time you 
are playing with a 555 timer chip. 
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Fig 3. Example of the worksheet discussed in the text. The diagram is that of the schematic 
used in the timer program listed with this article. 


drawing and inputting 
schematics. (See Fig. 3.) 

As an example of how to 
correctly use the worksheet, 
I have included my timer 
program in Fig. 3 and will 
step you through the proce¬ 


dure for implementing the 
schematic in that program. 
Notice that each shape mak¬ 
ing up the circuit is centered 
within a block so that its 
leads will exit in the middle 
of a side rather than at a cor¬ 


ner. First, draw the diagram 
on the worksheet using only 
shapes from the shapetile. 
Next, label each shape with 
its corresponding number. 
Now enter any labels or text 
desired. 


The next step is to enter 
the worksheet information 
into your program. In my ex¬ 
ample program (Program 
listing 2), the HIRES portion 
is located beginning on line 
4000 and extends to the end 
of the program Lines 4500 
through 4590 draw the actu¬ 
al shapes The easiest way to 
do this is draw all of the 
shapes on each worksheet 
row using one program line 
This speeds up the program¬ 
ming process considerably 
when it comes to editing. 
Sometimes, when a row has 
only one shape, I will in¬ 
clude that shape with the 
next row (such as line 4510 
which draws the shapes for 
rows 30 and 45). 

Lines 4200 through 4275 
are a subroutine which 
makes the printing of text 
very easy. It takes the string 
P$ and prints it with normal 
character spacing beginning 
at the last values of X and Y. 
This subroutine will allow 
you to input only one line of 
text at a time. Additional 


Program listing 3. Here is the ECC draw-and-edit program list¬ 
ing. See text for a description of how it works. 
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PULSE GENERATOR DESIGN 
555 TIMER CHIP 



FREQ DUTY Cl R1 R2 

HZ CYCLE UF OHMS OHMS 

Fig. 4. Actual HIRES screen of the schematic used in the timer 
program. See Fig. 3 for the worksheet used to develop this 
schematic. 


lines may be processed au¬ 
tomatically by incrementing 
Y when the value of X gets to 
274. Lines 4280 through 
4350 print the header on the 
diagram using PS and the 
line 4200 subroutine. Lines 
4600 through to the end are 
the labels for the schematic 
and the remainder of the 
text on the HIRES screen. 

The schematic for my 
timer program is small 
enough so that I was able to 
use HIRES page 1 and use 
the four text lines at the bot¬ 
tom for my calculations. 
This is a very convenient set¬ 
up as I can see the diagram 
at the same time I am calcu¬ 
lating values. To get the 
most out of the four lines 
below the HIRES screen. I 
put the column headings di¬ 
rectly on the HIRES screen 
at the bottom. Most of my 
programs with schematics 
require that the calculations 
be displayed on page 1 of 
text while the schematic is 
on the full-screen HIRES 
page 2. In these programs I 


include a small subroutine 
which allows me to flip be¬ 
tween the schematic and 
the calculations. This is ac¬ 
complished by checking 
each input to the calcula¬ 
tions for an ESC. When one 
is encountered, use the "soft 
switches" described on 
pages 12 and 13 of the Ap¬ 
ple reference manual to dis¬ 
play the desired HIRES 
page. To return to the calcu¬ 
lations. use the same sys¬ 
tem Check for the ESC key 
to be depressed, then use 
the soft switches to display 
text page 1. This method will 
leave your calculations in¬ 
tact while you examine 
the circuit and you will have 
to draw the circuit only 
once as it is preserved 
unchanged. 

Most of the shapes in the 
shapefile are self-explanato¬ 
ry, but there are a few re¬ 
quiring comments. Shape 70 
is a variable resistor. If you 
connect a lead to the left 
side, it will appear as a regu¬ 
lar potentiometer Shape 79 


can be used for coils, trans¬ 
formers, or chokes. Shapes 
84,85, and 86 are leads to be 
used with the op amp, shape 
83. Using these leads will al¬ 
low you to connect the op 
amp to other components 
using the standard configu¬ 
ration. Shape 88 is a bridge 
rectifier, while shape 89 can 


be used for meters and other 
round items. 

Shapes 93 through 99 are 
for transistors and FETs. To 
draw a transistor, you must 
combine four shapes, but 
they make very nice transis¬ 
tors. I use shapes 116 
through 119 to draw ICs. 
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Trade Secrets 
of Mobile Installation 

Mounting a rig in your car is not as hard as it seems. 
Find out how the pros do it. 


Dave Ingram K4TWI 
Eastwood Village #1201 South 
Rte 11. Box 499 
Birmingham AL 35210 


I nstalling presently-pop- 
ular amateur transceiv¬ 
ers in the limited space of 
today's cars can often 
prove to be a hair-raising ex¬ 
perience. While slide-in 
mounts and rig-hanging 
brackets may be readily 
available for some units, 
these mounts often place 
their respective rigs in 


rather awkward positions. 
When the rig is removed 
from the car, the unused 
mount or bracket may con¬ 
tinue to occupy vital inte¬ 
rior room and thus further 
emphasize the need for a 
more flexible arrangement 
The mounting techniques 
presented in this article 
will attempt to alleviate 
those problems and provide 
a simple yet effective 
means of containing the rig 
in a desired location. Since 
the majority of mobile in¬ 
stallations are usually more 
involved than merely plac¬ 
ing a transceiver in the car. 


I'll also briefly consider an¬ 
tenna cabling and dc pow¬ 
er-cord routing. Amateurs 
following these general 
guidelines should be able to 
progress from a "stock" 
new car to a complete mo¬ 
bile installation in less than 
an hour's time (assuming 
everything needed isn't 
buried at the bottom of a 
junkbox!). 

Rig Location/ 

Mounting Ideas 

An amateur owning a 
large automobile with a 
full-width dash, bench-type 
seat, and no center console 



Fig. 1. Method of using strapping to mount a rig under the 
dash, using existing holes. Screw and nut sandwiched be¬ 
tween the dash bottom; strapping should be short and thin 
for snug mounting and to prevent scratching the rig. The 
mike holder can be screw-mounted to one of the holes in 
the strapping. 



Fig. 2. Method of using hardware-store L-brackets and metal 
strapping for a universal mount on small autos. Rig's front 
sits on the covered strap and is held securely by a rubber 
band. Brackets may be tilted as desired. 
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Fig. 3. The home-brew mount. Note the power connectors 
for various rigs in the background. 





Fig. 4. Low-band transceiver is side-slid into position with its 
front feet catching on the bracket. The rear of the rig is sit¬ 
ting on the transmission hump. The squeezed position as¬ 
sists in securing the rig, eliminating need for a hold-down 
strap. 


will experience few prob¬ 
lems mounting his rig or 
rigs. If existing holes in the 
under-dash lip don't align 
with the rig mounting 
bracket, a section of metal 
strapping (plumber's tape) 
can be used as a "hole relo¬ 
cator " This arrangement is 
shown in Fig. 1 The rig's 
rear area can rest lightly on 
the auto's carpet, if neces¬ 
sary, and a small chock can 
be used if thick carpeting 
blocks air flow around heat 

Mounting 2-meter FM- 
sized transceivers (and pos¬ 
sibly small-sized low-band 
transceivers) in compact 
autos exhibiting miniscule 
dash-to-transmission-hump 
clearance can prove to be 
difficult The most logical 
solutions here involve using 
home-brew brackets and 
existing supports for max¬ 
imum benefit One example 
of this technique is shown 
in Fig 2. Four L-brackets are 
bolted together as shown, 
with heavy metal strapping 
bolted between the upper 
L-brackets. The lower 
L-brackets are secured to 
the auto's gearshift mount¬ 
ing L-plate via existing 
screws. These are slightly 
underneath the floor shift's 
rubber boot in autos such 
as the Sunbird, Monza, Sky- 
hawk, etc , squeezing the 


boot's bottom will reveal 
the screws. The upper 
L-brackets' size and angle 
of tilt can be varied as 
desired for proper rig posi¬ 
tioning. In order to prevent 
rig scratches, cover the 
brackets’ upper area with a 
couple of layers of cloth 
matching the auto's in¬ 
terior, and sew the cloth 
tight. 

This mount can be used 
with a variety of rigs, de¬ 
pending on the particular 
auto's hump-to-dash clear¬ 
ance. A 2-meter rig, for ex¬ 
ample, can be placed on 
the mount and secured in 
place by a rubber band 
stretched between the long 
L-bracket screws (How's 
that for a quick in¬ 
stall/remove caper?) An HF 
rig such as the Atlas, Ken¬ 
wood TS-120, etc., can also 
be side-slid into this bracket 
by positioning its front feet 
in front of the covered met¬ 
al strap while the dash itself 
secures the rig from its top¬ 
side (the rig's rear then rests 
on the transmission hump). 
Other rigs can also be used 
with this L-bracket setup 
merely by securing them 
with a rubber band when 
necessary. A small towel 
the same color as the auto's 
carpet can be used to cover 
or camouflage the rig dur¬ 
ing brief out-of-car stops. 



Fig. 5. This rig-mounting bracket is ideally suited to 
rapid installation artists. The unit is merely placed 
on the mount and secured with a heavy rubber band. Ei¬ 
ther top or bottom-mounted speakers can be used with this 
arrangement. 



Fig. 6. A second (or third!) rig can be used with the bracket 
of Fig. 5. If front feet don't secure the rig use a heavy rubber 
band. Note the mike mount on the left side of the bracket. 


(Be aware, however, that 
any out-of-view auto is 
open prey to rip-off artists). 

Many small and interme¬ 
diate-sized autos feature 
bench-style seats and one- 
piece dashes which can 
support 2-meter FM rigs, 
but may present problems 
for securely supporting 
larger HF rigs. An effective 
mounting idea for these 
autos involves propping the 
HF rig between the front 
seat’s edge and the trans¬ 


mission's hump, securing it 
with a cloth-covered boat 
tie-down strap as shown in 
Fig. 7. If connecting cables 
dig into the carpet or if the 
rig's heat sink is slightly 
obstructed, a small piece of 
wood or indoor/outdoor 
carpet may be used for 
chocking. All rig cables and 
the tie-down strap can 
merely be pushed under the 
seat when not in use, pro¬ 
viding a perfectly clean¬ 
looking interior Cloth- 
covered tie-down straps are 
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f.l O PACKET 
VILD nnNTRn 


riTTiTTT^ 


CONTROLLER 


Now you can get 
in on the fun on 
packet radio! 



Protocol can be changed by swapping ROM chips. Board de¬ 
signed to accept 6264°s tor up to 56K of RAM with minor 
modification. 

Dimensions: 4.5 x 9.5 inches; 1" vertical clearance. 

Power requirement: +12 VDC, approx. 200 ma. 

Standard equipment includes 4K of RAM (expandable to 14K). 
Model PK1, wired & tested— $149.95 

additional memory, installed & tested (up to 10K) $10/2K 

RTTY adaptor board $9.95 

Connecting cables & enclosure—optional 



available from boating sup¬ 
ply or sporting goods stores, 
with most stores boasting 
on-the-spot assembly of the 


tie-down in any desired 
length. The highest price I 
have found on tie-downs is 
$3.00 each. 



Fig. 7. Mobile installation of traveling amateur W4CEC con¬ 
sists of an Azden 2-meter rig and Kenwood TS-120. The 120 
is merely propped on the auto's seat; its tilt-down front bail 
secures the unit and eliminates the need for a tie-down 
strap. The Azden is secured, complete with bracket, by a tie¬ 
down strap hooked under the dash. Clever and convenient, 
and both rigs can be removed in a snap. 
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Two special-considera¬ 
tion-type mounts which 
may be applicable to small 
autos with center consoles 
involve mounting a mobile 
rig sideways on either the 
console or the drive-shaft 
tunnel right behind the 
rider's seat. This arrange¬ 
ment is illustrated in Fig. 8. 
Surprisingly, the front 
mounting often will sup¬ 
port a large low-band rig 
while the rear mount sup¬ 
ports a 2-meter rig. 

Routing Cables 

Today's tightly-assem¬ 
bled autos can prove quite 
challenging to cable rout¬ 
ing, but a few tricks of the 
trade can simplify that situ¬ 
ation. Antenna transmission 
line can easily be routed 
through the auto's trunk 
area by moving the rear 
seat on the rider's side and 
poking part of a stiff, 
discarded whip antenna 
through to the trunk. Next, 
tape the coaxial cable to 
the end of that whip and 
pull it into the auto's interi¬ 
or. (Use heavy-duty fila¬ 
ment tape and help the 
cable along for first-try suc¬ 
cess.) Additional cables, if 
desired, can then be taped 
to the initial cable and 
pulled through in a similar 
manner. Routing cables on 
the auto's right (rider) side 
also is good due to the 
absence of steering wheel, 
floor pedals, etc. 

The whip-antenna trick is 
also useful for passing pow¬ 


er cords through auto fire¬ 
wall openings. The most 
logical and convenient op¬ 
ening to use is the expand¬ 
able grommet through 
which the speedometer 
cable passes. Again, poke 
the whip into the auto's in¬ 
terior, tape the cable to the 
whip rod's tip and pull it 
back through the grommet, 
helping it as necessary. 

Finally, make a compos¬ 
ite resistance check in the 
following manner to ensure 
solid ground connections. 
Short the antenna's center 
conductor and shield at the 
antenna proper, then mea¬ 
sure from the power cord's 
negative lead, through the 
auto body, through the an¬ 
tenna mount, and back to 
the center conductor of the 
PL-259 for less than 1 Ohm's 
resistance, At this point, 
you are ready to check al¬ 
ternator/battery voltage 
with the motor running to 
ensure that less than 14 
volts is delivered, and 
then connect the rig. 

Conclusion 

The techniques of 
mounting amateur gear in 
autos varies with each set 
of circumstances, yet each 
installation can be made 
easier by using ideas tried 
and proven by others. I 
hope this collection of 
thoughts and views will 
prove helpful in both the in¬ 
stallation and operation of 
your existing or future 
mobile rigs.B 



Fig. 8. Two rig-mounting locations for small autos which 
provide flexibility and a degree of security. Location behind 
rider's seat is preferred for small 2m FM units. 








Around and Around 
and Around 

There's got to be a better way to wind your coils to specs. 
Build the Q-meter and get the exact inductance you need. 


Edwin C. Miller N7APE 
J06 W Court Street 
Weiner ID 83672 



Front view of completed Q-meter. 



W inding coils for a new 
project seems to be 
one of the more frightening 
aspects of the job. One rea¬ 
son may be the fear that we 
may not be able to dupli¬ 
cate the author's model If 
we have a way to check 
each coil before it's in¬ 
stalled, much of the appre¬ 
hension is removed. A "Q"- 
meter will do this by mea¬ 
suring the coil's inductance 
and Q. The unit pictured is 
such a Q-meter that will 
measure inductances from 
.5 uH to 50 uH and Qs to 
200. It's easy to build, easy 
to operate, and is powered 
by an internal 9-volt battery 
or wall-plug power supply. 

There are four basic parts 
to this Q-meter: a dual-fre¬ 


quency rf oscillator, an FET 
voltmeter, a power supply, 
and the tank circuit that in¬ 
dicates the inductor of un¬ 
known value (L. x ), 

Fig. 1 is the schematic. A 
2N2222 transistor serves as 
the rf oscillator, followed 
by an MPF-102 )FET buffer. 
The range of measurement 
is controlled by the oscil¬ 
lator frequency and the 
tank variable capacitor 
With the capacitor speci¬ 
fied, the range is .5 to 5 uH 
at a frequency of 20.05 
MHz, and 5 to 50 uH at 6.34 
MHz. The two toroid coils 
resonate with Cl and C2 to 
produce these frequencies, 
and Si determines the 
range in use. The buffer 
stage provides the neces- 



As sembled panel and top plate showing component mounting. 
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Pine and Masonite r* 


for the Q-meter. 






sary low impedance excita¬ 
tion for the tank circuit 
through C8. A 1N270 ger¬ 
manium diode (D1) rectifies 
the rf output of the buffer 
and is used to calibrate the 
meter before taking a mea¬ 
surement. A hot-carrier di¬ 
ode (D2) is placed across 
the variable capacitor and 
rectifies the tank circuit 
current to provide a dc volt¬ 
age that is proportional to 
the Q of L x at resonance. It 
is this voltage that is mea¬ 
sured in the TEST position 
of S2. 

The jFET voltmeter uses 
two MPF-102 JFETs, zeroed 
by R15. Full scale on the me¬ 
ter should be 250 micro¬ 
amps or less. The critical 
components have been se¬ 
lected so that the Q reading 
will be quite accurate if 100 
is used as the calibration ref¬ 
erence. The meter I used is 
calibrated from zero to 250 
and is a 200-uA movement. 
A more sensitive meter will 
require using a higher resis¬ 
tance setting of R12, but will 
not affect the unit's accura¬ 
cy. Qs of 250 or more are 


seldom required and are dif¬ 
ficult to obtain, so there is 
not much need to have a 
higher scale. 

As for construction, there 
is really only one critical 
portion —the mounting of 
the tank components (C9, 
CIO, and the terminals for 
L x ). At 50 uH, an inch or two 
of extra wire will not have 
much effect on accuracy. 


Fig. 1. Circuit schematic. 


but at .5 uH, the leads must 
be kept as short as possible. 
This is one reason for the 
miniature variable capacitor 
and small unit for C9. The 
terminals for L x consist of 
4-40 bolts mounted directly 
to the FormicaTM top, using 
solder lugs to connect to the 
circuit board components 
and 4-40 hex nuts fastened 
by epoxy to small wire nuts 


for holding the unknown in¬ 
ductor leads. Small 5-way 
connectors should also 
work fine. Although I used 
an import vernier dial mech¬ 
anism and attached a plastic 
pointer, a non-reduction 
knob will work quite well — 
it's just a little harder to get 
right on resonance. The 
shaft of CIO is too short to 
reach the panel. It can be 



Fig. 2. Circuit board. 



Fig. 3. Component layout, foil side view. 
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Cl 

Parts List 

620-pF ceramic disc 

C2, C3 

68-pF NPO ceramic 

C4 

56-pF NPO ceramic 

C5, C6, 

Cl 1, C12 

.01 ceramic disc 

C7 

100-pF ceramic 

C8 

22-pF NPO ceramic 

C9 

1500-pF poly 

CIO 

138-pF variable (RS A1-234) 

C13 

10-uF, 25-V electrolytic 

D1 

1N270 germanium diode 

D2 

MBD-101 hot carrier diode 

R1 

47k, ’/4-Watt carbon 

R2 

100k, ’A-Watt carbon 

R3 

10k linear pot 

R4 

1.5k, ’A-Watt carbon 

R5, R9 

1-meg, V.-Watt carbon 

R6 

390-Ohm, ’/.-Watt carbon 

R7, R10. 

R11 

2.2-meg, ’/4-Watt carbon 

R8 

100k, ’/4-Watt carbon 

R12 

100k trimmer 

R13, R14 

150-Ohm, ’A-Watt carbon 

R15 

2k linear standard pot 

LI 

1.97 uH (21 turns #24 enamel on T-37-2 toroid) 

L2 

19.7 uH (70 turns #32 enamel on T-37-2 toroid) 

SI 

SPDT rotary 

S2 

SPDT mini-toggle 

S3 

SPST mini-toggle 

Ml 

200-uA meter (see text) 

J1 

Connectors for L„ (see text) 

J2 

Mini phone jack (normally-closed circuit) 


lengthened by attaching a 
one-quarter-inch round met¬ 
al spacer with a bolt into the 
capacitor's threaded shaft. 
An alternative would be a 
small flexible coupler and a 
piece of I k -inch shaft. 

The total current drain is 
under 15 mA, so a 9-volt bat¬ 
tery will last a long time with 
intermittent use. For ac op¬ 
eration, any rectified and fil¬ 
tered wall-plug supply that 
is rated at 4.5 to 9 volts fills 
the bill 

To put the Q-meter to 
work, set S2 to TEST, turn on 
the power switch, and adjust 
the meter to zero reading 
with R15. Switch S2 to CAL 
and set the rf level to 100 on 
the meter by adjusting R3 
Connect the coil you want 
to measure, using the short¬ 
est possible leads. Reset S2 
to TEST; tune CIO for maxi¬ 
mum deflection of the me¬ 
ter. The reading is the 
approximate Q of the un¬ 
known inductor. If you can¬ 
not get any upward deflec¬ 
tion of the meter, try the 


other position of SI. If you 
still cannot get a reading 
and you are quite sure the 
unknown inductance falls 
within the range of the me¬ 
ter, recheck the connec¬ 
tions. A good connection is 
a must for reliable operation 
of the Q-meter, 

A test coil can be made 
by winding about 15 turns 
of #24 enamel-covered wire 
in a T-37-2 or T-37-6 toroid, 
You should measure it 
somewhere around 1 uH 
with a Q of about 100, If 
you are satisfied with the re¬ 
sults, you may want to mark 
the measured information 
on a tag and attach it to the 
inductor, it can be used 
later to check the perfor¬ 
mance of the meter if you 
should question a reading 
on some unknown coil. 

This relatively simple 
project can take a lot of 
the fear out of coil-wind¬ 
ing, as well as sort out un¬ 
marked small inductors 
and provide the identifica¬ 
tion you need.® 


/MIR/IGE 


Mirage Communications 
Introduces Their 
6 Meter 

Solid-State Amplifier 
A1015 

10 Walts In - 150 Walls Out 

$279.95 



• Built-In Rx Preamp 

• All Mode-SSB, CW, FM 

• Remote Keying 

• DC Power 13.6 VDC at 18 Amps 


• FCC Type Accepted 

• 5 Year Limited Warranty 

• Optional RC-1 Remote Control Available 

• Made in the U.SA 


Available at Mirage Dealers Worldwide 


/MIR/1GE 


P.O. Box 1393, Gilroy, CA 95020 - (408) 847-1857 
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Get those 
demons 
downing 
your 

electronic 

gearT 


Nothing matches the MACC 
in voltage surge protection 
and component-by-component 
on-off control 


• compact, attractive desk-top 
console 

• eight clean AC power outlets 

• individual and master on-off 
control 

• superior three-stage auto-restore 
circuit with manual reset circuit 
breaker 

• individually lighted rocker 
switches 

Lightning striking miles away, elec¬ 
tric motors running on the same 
power line, fluorescent lighting and 
even wind-driven snow static 
buildup can cause problems with 
delicate circuits and miniature elec¬ 
tronic chips. But the MACC. within 
nanoseconds, can recognize the cur¬ 
rent disturbance, then clip it off 
and dissipate it. while maintaining 
clean current flow to your system's 
equipment. The MACC protects all 
semi-conductor, solid-state circuitry. 
The MACC is designed with three 
2000 -amp surge discharge protec¬ 
tion circuits — one between each 
of the AC input's hot. neutral and 
ground lines. Other surge devices 
may use a single 100-amp surge 
protector between the hot and 
neutral lines only, its resettable cir¬ 
cuit breaker adds further protection. 


MACC gives you control conve¬ 
nience. too. It provides 8 plug-in 
"U" ground outlets for your com¬ 
ponents — including one "hot" 
outlet for a continuously powered 
application such as your clock. 
Seven "on/off" rocker switches let 
you control individual components. 
And you can turn your entire 
system on or off with a single 
master rocker switch. 


ALPHA DELTA S MASTER AC 
CONTROL CONSOLE PROTECTS 
AGAINST ALL THESE 
DAMAGING SURGE PROBLEMS 


Problems caused in circuitry by 
surging and transient voltages: 

• Melting of "hot spots" within 
semi-conductor devices 

• Thermal runaway of transistors 

• Welding, pitting and metal 
transfer on switch contacts 

• Switch contact corrosion 

• Insulation breakdown causing 
arcing of components 

• Shortening of component life 
The MACC is tested to IEEE pulse 
standards and rated at 15A. 125V- 
AC, 60 Hz. 1875 watts continuous 


duty total for the console. A label 
on the unit describes the surge pro¬ 
tection limitations. 


MACC Specs _ 

Alpha Delta Master AC Control 
Console 

Amperage 15 

Volt (AC) 125 

Hertz 60 

Total 

Wattage 1875 

Size 

MACC 11" x 2-3/4" x 2-3/4" 
MACC-4 5-1/2" x 2-3/4" x 2-3/4" 
Shipping 

Weight 4-1/2 lbs. approximately 


Alpha Delta Model MACC Systems 
are designed to reduce the hazards 
of lightning-induced surges. These 
devices, however, will not prevent 
fire or damage caused by a direct 
stroke to an AC line or a structure. 
Specifications, availability and price 
are subject to change without 
notice. 

Warranted against defects in 
materials or workmanship. 


ALPHADCITA 

P.O Box 571. Centerville. Ohio 45459 • (513) 435-4772 


COMMUNICATIONS, INC. 


dD 


current solutions to current problems 




7J INTERNATIONAL 
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On the Move with 10 FM! 

These modifications for Comtronix and Azden rigs 
will get you on your feet in a hurry. 


f, W, "Andy’' Anderson W7AR 
804 1 31 Avenue N.W. 

Seattle WA 98117 



W hat aspect of modern 
ham radio could 
cause a 75-year-old "recy¬ 
cled teenager" to tumble 
back into a medium which 
devoured his spare time as 
far back as 1928? The excite¬ 
ment and freshness of FM 
on ten meters did it, coupled 
with the fact that you can 
carry by shoulder strap a to¬ 
tally portable station feed¬ 
ing 14 Watts rf into a 
7.9-foot whip. 

Owners of transceivers 
like the Comtronix FM-80 
and Azden may benefit 
from my tinkering—which 
included adding a 2.5-mH rf 
choke where the hot mike 
lead enters the chassis, to 


kill audio squeal from rf 
entering the transceiver 
through the mike cord. 

Discarding the whip which 
came with the Radio Shack 
CB kit (No. 21-941 A), the 
ceramic cone and sturdy 
aluminum bracket gave me 
the necessary and secure 
antenna support My FM-80 
had two knurled screws on 
each side of the clamshell 
case, intended for U-bracket 
mounting under the dash. I 
used these screws and holes 
to fasten two suitably 
shaped 1/8-inch-thick dural 
plates to which not only the 
whip-mounting bracket could 
be fastened, but also the 
studs holding each end of 



Andy and his rig. 
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Close-up of the rig. 


the Superscope tape-deck 
shoulder strap. In this way, 
no drilling of the clamshell 
was necessary except for the 
minibox mounting. 

I experimented through a 
succession of whips to settle 
on a unit 7.9 feet long, con¬ 
sisting of a bottom section 
of 31 inches of 3/16" flexible 
aluminum rod, the upper 
end of which was threaded 
to fit an appropriate hole in 
the base of an 8-section tele¬ 
scoping whip, available for 
$.99 from Etco Electronics 
in Plattsburgh, New York. 
(Get on their mailing list; 
you'll not regret it!) This 
makes an extremely light, 
portable whip. 

The heavy aluminum right- 
angle bracket (part of the 
ceramic cone insulator) was 
painstakingly rasped into 
shape and made to swivel 
through a short arc from a 
central hole with 10-32 
thread screws into the dural 
plate. This allowed the whip 
to be vertical whether the 
FM-80 was shoulder-carried 
or operated from a card 
table outdoors. 

A Bud CU-2102-B minibox 
was secured to the clam¬ 
shell with 4-40 tapping and 
screws to hold the trans¬ 
match network—same as 
Ten-Tec's 247 unit I settled 
for ten turns of No. 22 
enamel on a 1/4-inch bake- 
lite rod. The 100-pF (each 
section) 2-gang capacitor 
may be hard to come by. 


although Etco has one with 
45 pF per section that will 
work (No. 151JK, made in 
England). I am actually us¬ 
ing only about 40 pF each 
section for an excellent 1.1:1 
swr into the whip. 

I dismantled several Meiss¬ 
ner mica compression pad- 
ders to come up with one 
100-pF capacity feeding the 
whip. It was a most pleasant 
surprise to find that the 
Radio Shack Micronta 3- 
way CB tester (No. 21-526A) 
of 10-Watt rating would han¬ 
dle our 14 Watts (up against 
the pin) with no sweat Un¬ 
fortunately, the coax fittings 
extended out the top sur¬ 
face. Identical holes were 
drilled and reamed out the 
bottom; fortunately, the PC 
board inside could be tipped 
so that its coax outlets were 
convenient for my use. 

An swr reading should al¬ 
ways be available while 
walking with this rig. Two 
access grommet holes in the 
minibox permit one to make 
corrections for minimum 
swr before starting out. Hold 
the mike to your face in the 
same attitude and the swr 
will remain low. When the rf 
power meter on the FM-80 
falls to mid-scale in trans¬ 
mit, the nicads should not 
be discharged further; the re¬ 
ceiver itself should be turned 
off. These batteries should 
never be totally discharged. 

I have not regretted using 
the BP20A-11 nicad battery 
pack of 2.3-Ah capacity 



The modification of the antenna-mounting bracket. 



Fig 1. Transmatch network in the minibox. 


(from Alexander Mfg. Co. in 
Mason City, Iowa) and their 
20-11 charger is guaranteed 
not to overcharge this unit. 
Fully charged in 10 hours, its 
14 volts provides about three 
hours of operating fun. Sil¬ 
ver duct tape secures the 
battery pack and swr meter 
case to the clamshell. 

In passing, Azden/Com- 
tronix-type transceivers in¬ 
tended for portable use will 
eventually have to go to 
LCD frequency/channel read¬ 


outs since LEDs in daylight 
are useless. 

While testing this unit in 
my basement workshop sev¬ 
eral feet below ground level, 
the whip lying horizontally, 
N4J B in Germantown, North 
Carolina, couldn't believe 
the circumstances for the 
boffo signal he copied! Op¬ 
erating it on a card table 
outdoors feeding a Cush- 
craft Ringo-10 right from the 
swr meter, the world is your 
oyster. See you on ten FM!B 



The transmatch innards in the minibox. 
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Dennis S laden VE1BZI 
Site IbA, Box 4, RR #4 
Armdale, Nova Scotia 
Canada B3L 414 


Thank You for Listening 

Build this simple speech expander and stop shouting. 
Your DX friends will thank you and the QSLs will roll in. 


A versatile little chip 
called an electronic at¬ 
tenuator and manufactured 
under the brand code 
MC3340P is the heart of this 
unit. When used ahead of 
my old war-horse —the 
Heathkit SB-401 transmit¬ 
ter—it certainly adds a few 
S units when trying to make 
a QSO through the QRM. 

In Fig. 1, the MC3340 is 
shown being used as a basic 
remote volume control. The 
advantage of this circuit is 
that the remotely located 
potentiometer does not 
need cumbersome shielded 
leads directly connected to 
a sensitive mike or other 
low-level audio input. When 
pin 2 is held high (up to +6 
V dc), the audio will be fully 
expanded —approximately 
O-dB attenuation. If the volt¬ 
age at pin 2 is brought down 
to 3.0 V dc, 90-dB atten¬ 
uation is achieved. The con¬ 
trol potentiometer, when 
varied between 4k and 30k, 
theoretically achieves the 
0-dB-to-90-dB attenuation. 

Based upon these prem¬ 
ises, the speech expander/ 
clipper came into being. 

The input transistor, Q1, 
is a 2N3819 and, being an 
FET, serves as an excellent 
high-impedance buffer for 
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the microphone and the 
MC3340. Transistor Q2 is a 
2N1305 or similar transistor 
having a fairly good low- 
leakage coefficient. This 
transistor serves the purpose 
of dynamically varying the 
dc voltage at pin 2 of the 
MC3340. 

The second chip. IC2, is a 
dual op amp, i.e., an LM358. 
Half the LM358 is used as an 
ac complex-non-inverting 
amplifier. The other half 
could be used to drive a VU 
meter or bar-graph display 
which can be used to moni¬ 
tor the audio output. How¬ 
ever, the first half of the 
LM358 samples, through its 
pin 3, a portion of the audio 
output from pin 7 of the 
MC3340. Based upon the 
setting of R3, which controls 
the gain of the LM358, the 
sampled portion of the 
audio signal triggers a con¬ 
trol voltage to appear at pin 
1 of the LM358 This control 
voltage is rectified by D1 
and fed to the base of Q2 
which in turn controls the 
gain of the MC3340, Thus, 
the whole circuit acts as a 
sort of age loop with R2 and 
R3 setting the attenuation 
thresholds. 

Most of the parts are 
readily available at your 


local Radio Shack, except 
for the MC3340 and possibly 
the LM358, for which they 
may have no equivalent. 
Any op amp could be used 
for IC2—the only stipula¬ 
tion being that it must be 
able to work off a single-rail 
supply. The prototype unit 
that I built used an LM741, 
but it required two 9-V bat¬ 
teries to produce the dual¬ 
rail supply. I suppose the 
CA3140, which is said to 
have a better slew rate than 
the 741, could have been 
used with a single-rail sup¬ 
ply. However, as far as I 
know, the MC3340 has no 
equivalent. Therefore, this 
1C will have to be obtained 
from a Motorola dealer. 

The printed circuit board 
is fairly easy to lay out and 
etch and should be no prob¬ 
lem to the regular construc¬ 
tor. In the Heathkit SB-401, 
the unit can be built inboard 
if the VU meter/bar-graph 
display is not included. The 
unit is more accessible with 
plenty of scope for expan¬ 
sion if built as an outboard 
addition, in which case the 
male and female replicas of 
the microphone connectors 
must be obtained. 

Setting up the attenua¬ 
tion thresholds can be done 


accurately and quickly if a 
scope is available. If a scope 
is not available, plug the 
microphone into the input 
socket and clamp the leads 
of a pair of headphones be¬ 
tween output connector and 
ground. (Do not plug the 
output of the unit into the 
transmitter.) Turn on the 
crystal calibrator of your 
receiver and adjust the 
audio output of the receiver 
for a high-pitch audio note. 
If the scope is available, 
connect it to the output con¬ 
nector of the unit. 

Place SI in the BYPASS 
position. Set R2 for mini¬ 
mum resistance from 
ground. Set R3 to minimum 
resistance. Set R1 to the 
halfway mark. Place the mi¬ 
crophone near the receiver's 
speaker. If SI has been con¬ 
nected appropriately, a 
weak tone should be heard 
in the headphones and a low 
audio trace should appear 
on the scope 

Now apply power to the 
unit and set SI toOPERATE, 
If all has been connected 
well, you should get a signi¬ 
ficant increase in audio 
level at the output. Check 
the voltage at TP1 with a 
high-impedance voltmeter, 
preferably digital. It should 




You can help us pick the "Amateur 
of the Year” at the 1984 Dayton 
Hamvention. 

FOr details, drop a card to the 
address below. Do it now! 

Nomination deadline is April 1, 1984. 

DAYTON HAMVENTION 
ATTN: AWARDS COMMITTEE 
P.O. BOX 44, DAYTON, OH 45401 

See you at the Dayton HAMVENTION ... 
April 27. 28. 29. 1984. 


read 2 6 V dc. The voltage at 
TP3 should be zero or — Ve. 
This is the unit in full expan¬ 
sion mode 

Increase R3 until the 
voltage at TP3 goes positive 
approximately 1 volt. Check 
the voltage at I PI It still 
should be showing +2.6 V 
dc and the scope should still 
be showing a healthy trace. 
A quick flip of SI from 
OPERATE to BYPASS and 
back to OPERATE should 
show the amount of ex¬ 
pansion. 

With the voltage probe 
still at TP1, increase R2 until 
the meter shows +3 V dc. 
Now increase R3 until the 
meter reads +3.6 V dc. A 
reduction in the audio level 
at the output will be noticed 
and the trace on the scope 
will alter likewise. This is the 
clipping point. 

If the audio source is 
abruptly increased and held 
at that level, or a loud long 
shout is emitted into the 
microphone, the result will 
be a sharp rise followed by a 
steep decline of the output 
signal to a constant level. 
This is most noticeable on 
the scope. The voltage at 
TP1 should show +4.5 V dc 
or higher (max, +5.2 V dc), 
This status is the unit in the 
attenuation mode. 


When this has been 
achieved, speak at your nor¬ 
mal level into the micro¬ 
phone and adjust R2 and R3 
alternately until an accen¬ 
tuation of your voice from 
your normal speech level 
shows the peak briefly ap¬ 
pearing and then being 
pulled down to the normal 
level. The aim of the adjust¬ 
ment procedure is to get 
that time constant between 
the peak and the pull-down 
as short as possible. 

When this has been 
achieved, disconnect the 
headphones, turn off the 
crystal calibrator or audio 
source, plug the unit into the 
transmitter, and tune the 
transmitter into a dummy 
load. It will be found that 
the microphone gain control 
does not have to be turned 
up so much before the ALC 
cuts in. If a scope is used to 
monitor the transmitted 
audio signal, check and fine- 
tune R2 and R3 to suit your 
voice pattern and distortion 
threshold. 

Get on the air and see how 
it works. Contact a distant 
station with the unit in OP¬ 
ERATE mode. Do not men¬ 
tion the unit, but in the 
course of conversation put 
it into BYPASS and wait for 


the reaction. Act accordingly. 

I will be pleased to re¬ 
ceive comments, enhance¬ 
ments, modifications, etc., 
concerning the unit and its 
operation. 


In closing, I would like to 
thank G3YNB (H Clayton) 
and VE1AOP (G. Coughlan) 
for getting me into redesign¬ 
ing the unit and writing this 
article. ■ 
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Harry I fkelund VV S27VU 
42 Pmarnko Road 
Owning \t 10SbJ 


Secrets of Nicads 

Nicad batteries will save you money. Or will they? 


Y ou've been reading for 
years that nickel-cadmi¬ 
um batteries are the greatest 
thing since sliced bread for 
your portable gear. From 
one viewpoint, this is true, 
namely, economy. One set 
of nicads can be recharged 
many times before they 
have to be replaced, at a 
savings to the user every 
time they are recharged. 
However, there are some 
down sides to the use of 
nicads, some of which are 
readily apparent (lower ter¬ 
minal voltage, memory, 
downtime while charging) as 
well as one which is very im¬ 
portant but not widely 
known: The capacity of a 
nicad is only about 25% 
that of a premium primary 
cell. 

As an example, let's take 


Primary Capacity 

AA mAh 

Duracell Mn1500 1700 

Eveready E91 1600 

Panasonic AM-3 1500 

C 

Duracell Mn1400 5000 

Eveready 4400 

Panasonic AM-2 3900 

D 

Duracell Mn1300 10,000 

Eveready E95 9,100 

Panasonic AM-1 9,300 


the AA-size cell. The com¬ 
monly available AA nicad 
has a capacity of 450-475 
milliampere hours (mAh). 
Gould, GE, and Radio Shack 
cells fall into this range 
A premium alkaline AA cell 
from Duracell, Eveready, or 
Ray-O-Vac has a capacity 
of 1700-1900 mAh or near¬ 
ly four times the capacity 
of the nicad. Thus, it would 
be necessary to recharge 
the nicad cell four times 
before you achieve any 
economy. 

But wait. There is more to 
this story. We all know 
about the memory associ¬ 
ated with nicads If not fully 
discharged before recharg¬ 
ing, they have a tendency to 
"remember” the discharge 
cycle, limiting the life to the 
remembered discharge. 


Secondary Capacity 

AA mAh 

Gould 0.45 SC 450 

Sanyo N450AA 450 

Panasonic NR-AA 500 

C 

Gould 2.0 SC 2000 

Panasonic NR-C 1800 

Sanyo N2500-D 2500 

D 

Gould 4.0 SC 4000 

Panasonic N2500-D 2500 

Sanyo NR-d 2500 


Suppose you use your HT 
every day to and from work 
for a total drain of say, 150 
mAh. You decide to put the 
charger on every night so as 
to have a full charge, right? 
Wrong. Unless you drag 
those batteries right down to 
nothing, a constant dis¬ 
charge/recharge of 150 mAh 
will result in cells with a ca¬ 
pacity of about 150 mAh. 
Thus, you would have to re¬ 
charge 12 times to obtain 
the same life as a set of pre¬ 
mium AA cells. But that still 
represents some economy, 
doesn't it? Sure, if you are 
satisfied with less return on 
your investment than you 
expected 

Let's talk about the lower 
terminal voltage of nicads. 
They are 1.2 volts when fully 
charged. Eight cells (typical 
arrangement) will give you 
only a 9.6-volt power supply, 
vs. 12 volts from eight fresh 


premium alkaline cells. 
Some HTs will provide 
space for 10 cells when us¬ 
ing nicads, and some dum¬ 
my cells to be used with 
primary batteries, but then 
your economy is eroded fur¬ 
ther (10 nicads vs. 8 alka¬ 
li nes). 

Now, your 12 recharges to 
recover your investment be¬ 
comes 15. Still an economy, 
sure, but not the one you 
thought you were getting. 
And if you cannot use 10 
cells in your rig, think about 
the lower outputs, both 
audio and rf, when operat¬ 
ing at the lower supply 
voltage. 

Another consideration 
that you should think about 
is charge retention. Nicad 
cells will lose 10-12% of 
their charge per month un¬ 
used, whereas alkaline cells 
can lose about 10-15% of 



Fig. 7. Cell discharge curves. 25 Ohms continuous discharge. 


Table 1. Capacity of various batteries. 
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>vvf*r failure, unless 
be trickle charged 
Id be better served 


power goes oft 
shows the typical 
1 curves tor both 


1 is a listing ot 
primary and sec 
•lls with the manu- 
ratings. Note the 
differences be- 
ls and capacities, 
note: I refer to pre¬ 
aline cells The Te¬ 
rr /inc-carbon cell 
[•commended for 


cells typically publish no 
data on them because of 
their widely varying perfor 

I am not saying that nicad 
batteries don't have their 
place, but in situations 
where it is important to keep 
a radio going over the long 

charge (no at outlets in the 
woods looking for that lost 
child), or in foreign countries 
where your 110-volt charger 
will not operate, the premi¬ 
um alkaline cell offers many 
real, substantial advantages 
that cannot be overcome by 


Gould Battery Handbook. 1973 
Eveready Battery Engineering 
Data. 1976 

Sanyo Cadnica Bulletin SF1542 
Panasonic Sales Brochure 
20M813/10M 

Duracell Products Data Sheets 
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COMPUTER RADIO MODEM 

Connect your TRS-80*, Atari*, Apple*, 
or IBM-PC* to your radio for the ultimate 
in two way digital communications 
(CW/RTTY/ASCII). 

CALL OR WRITE FOR DETAILS 


© 


^ ( 209 ) 667-2888 

/H4CROTOONICS, inc. 

f 1125 N. Golden State Blvd. 
Turlock, CA 95380 


•TRS-80 is a registered trademark of Tandy Corp. A 


AMATEUR AND COMMERCIAL ^ 
COMMUNICATION SERVICES 

alignment equipment to give you results you can count on. 

REPAIRS •TESTS •INSTALLATIONS 

ALIGNMENTS •MODIFICATIONS •EVALUATIONS 

»ral Radiotelephone (ship radar endorsed) 

ond Class Radiotelegraph (ship radar and aircraft radiotelegraph endorsed) 


F=V^f=^SE~0 



AH’ • MAKE IT ? 

% EASY TO SAVE m 
your copies of 

73 Magazine 

Your magazine library is your prime reference source—I 
handy and keep it neat with these strong library shelf I 
They are made of white corrugated cardboard and are dust 


)ne DoxjBXlOOOj is 52.00,2-7 boxes (BX1001) are 51.5C 
i 8 or more boxes (BX 10021 are S1.25 each. Be sure to 5 
ich labels we should send. 

Call TOLL-FREE for credit card orders: 

1 - 800 - 258-5473 

73 Magazine 

Attn: Book Sales, Peterborough, NH 03458 
□ SHIPPING AND HANDLING CHARGES $2.00 oer on 
to and indudh 
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The Edison Effect 

American inventor Thomas Edison is remembered for 
his array of electrical firsts. But lesser known is 
his invention of the first wireless telegraph. 


T he contributions that 
Thomas A f dison made 
to the electrical world were 
many and are fully recog¬ 
nized by today's historians 
His genius as a top-notch in¬ 
ventor is well known inter¬ 
nationally and he is justly 
credited to be the most pro¬ 
lific and important pioneer 
of the electrical age The 
duplex and quadruples 
telegraphs, the light bulb. 


the gramophone, the cam¬ 
era. and the movie protec¬ 
tor are only a few of his in¬ 
ventions There were many 
more*, ar c ounting for about 
1.T00 dillerent patents at 
the end of his < realive life. 
But did you know that 
Edison also experimented 
with electromagnetic 
waves several years before 
Hertz did' invented an 
inductive railroad tele¬ 


graphs invented a wire¬ 
less elec (restate communi¬ 
cation system 1 ' discov¬ 
ered and applied the therm¬ 
ionic vacuum emission, 
creating, in effect, the first 
two-element lube rectifier' 
In 1B75, while experi 
meriting with sound vibra¬ 
tions produced by a mag¬ 
netic vibrator and ways to 
transmit them over wires to 
distant points, he noticed 


with curious amazement a 
peculiar light, or bright os¬ 
cillating sparks, coming out 
of the core of the magnet 
He had seen this phenome¬ 
non before* in the telegraph 
relays and in loose filings 
between armatures and 
magnetic cores of tele¬ 
graph printers, but so far at¬ 
tributed them to induction 
These new- sparks were* 
somehow more intense and 
it occurred to him that they 
were not caused by induc¬ 
tion He wrote* in his diary: 

"We found that if we 
touched any part of the vi¬ 
brator or magnet we got the 
spark The larger the body of 
iron that touched the vibra¬ 
tor, the larger the spark We 
now connected a wire to the 
end of the vibrating rod and 
we found we could get a 
spark from it by touching a 
piece of iron to it by con¬ 
necting to the gas pipe we 
drew sparks from it in any 
part of the room 

He called this unknown 
elec trical discharge "etheric 
force" or "etheric current" 
and conducted several ran¬ 
domly-directed experiments 
with it It was not actually a 
discovery, since Joseph 
Henry noticed it much 
earlier, Faraday had spec u 
laled upon such a possibility 
before, and Maxwell had 
predicted it in lH2f l n 
aware of it at that time, Edi- 



tdhon with some original Idison-effect lamps. 
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son had been playing with 
electromagnetic waves 

In order to observe the 
new force, he constructed a 
"black box" with two adjust¬ 
able sharp-pointed carbons 
and an eyepiece on top Me 
made public the results of 
his tests and since Fdison 
was always news, the local 
(tapers reproduced his (let - 
larations. adding a bit of 
spice for good measure 
Their words were something 
like this: "Mr tdison discov¬ 
ered a new electric ray and 
predicts that someday all 
telegraphic and cable com¬ 
munications will be carried 

He demonstrated his 
black box and etheric forces 

New York, which brought 
about a few congratulations 
and started a turmoil of 
opinions —both (tret and 

far as Europe, and in 
England, physicist Sylvanus 
Thomson declared that all 

was based upon known elec 

Lodge, distinguished man of 

nowned wireless pioneer, 
discussed the experiments 
and arrived at the same con¬ 
clusion Edison did not pur- 

further. perhaps resentful of 
being criticized by these 
known authorities, or maybe 
for the lack of a practical 
application for the forces; 
he continued his inventive 
career in the direction of 
"greener" pastures 

In 1880 we find Edison at 
work with a novel telegraph¬ 
ic system, which he called 
the "space" or "grasshop¬ 
per" telegraph He was as¬ 
sisted in this project by his 
good friend and colleague 
Ezra T. Gilliland The idea 
was to provide a means of 
communication to train 
travelers in the long 
stretches of the western 
plains. It made use of a 
special telegraph line, 
strung on (roles at car height 
on the opposite side of the 
regular telegraph line to 



Close-up of an Edison effect. 


eliminate the interference 
from them The receiver 
employed an insulated 
metal plate on top of the 
< ar, connected in series with 
the secondary winding of an 
induction coil, and a tele¬ 
phone receiver The cirr uit 
continued through the met 
al wheels and track to 
ground The transmitter 
used a battery, a telegraph 
key. and a high-frequency 
buz/er, in series with the pri¬ 
mary of the induction coil A 
sencl/receive switch com¬ 
pleted the installation 
A duplicate set was to be 
installed at each telegraph 
office along the railroad 
line The first tests were con¬ 
ducted on a small tram in 
Staten Island NY and after a 
few failures and modifica¬ 
tions, it was declared a suc¬ 
cess Further experiments on 
the Lehigh Valley Railroad 
demonstrated the practica¬ 
bility of the grasshopper 
telegraph It was never ex¬ 
ploited and. although pat¬ 
ented, apparently forgotten 
In 1855 at Menlo Park a 
wireless telegraphic system 
was developed by Edison It 
used vertical masts of a hun¬ 
dred feet in length with met¬ 
al plates on top In his origi¬ 
nal patent he claimed to be 
able to communicate with 
points up to ! miles distant 
and suggested that it could 
be installed on board ships. 



Entry in Edison’s notebook showing lamp connected as a 
voltage indicator. 


using their masts for the 
same purpose He stated 
that communications be¬ 
tween ships and between 
ships and shore could be es¬ 
tablished and collisions pre¬ 
vented during foggy days 
As in the case of the grass¬ 
hopper telegraph, the trans¬ 
mitter discharged an induc¬ 
tion coil into the metal plate 
suspended on top of the 
mast This induced a similar 
electrostatic charge on the 
plate of the receiving pole 
and the current thus created 
caused an audible click on 
the telephone receiver It 
was never used commercial¬ 
ly and when Edison was 
questioned about it. he 
declared with some air of 
mystery that, "It has been 
sold to a wealthy medium 
who wishes to communicate 
with the spiritual world 
According to records found 
later, it was discovered that 
he had sold the patent, 
which also included the 


grasshopper telegraph, to 

1904 (patent no 485,771) 

In 1880, while testing in¬ 
candescent lamps, Edison 
observed that particles of 
carbon from the filament 
were "carried" and deposit¬ 
ed on the inside of the glass 
bulb He also discovered 
that after certain periods of 
operation there was a thin 
white line, similar to a sha¬ 
dow, parallel to the filament 
but to one side The lamps 
were fed with direct current 
and it showed that this ef¬ 
fect was caused on the side 
of the filament connected 
to the positive side. Notes 
were taken but shelved for 
future reference since his 
work on lighting and (sower 
plants required his full at¬ 
tention at that time. 

Experiments done by 
other scientists some years 
before had proven that the 
air, when in contact with 
red-hot metals, showed 
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Copy of Fleming's US patent for use of the "val\ 
tification. 



One of the F-dison lamps used by Fleming in early ex¬ 
periments. 


strange properties with re¬ 
gard to electrical charges. It 
was assumed (and some¬ 
times emphatically af¬ 
firmed) that electricity 
could not travel in a 
vacuum. Edison was aware 
of all these theories, but he 
never paid much attention 
to scientific assurances 
unless, of course, he could 
arrive at the same conclu 
sions by experimentation. 
He was not a theoretician 
but a practical inventor. The 
question, "Was or was not 
the electricity the carrier of 
these particles of carbon?" 
was in his mind. He wanted 
an answer, he had to know 
and wanted to be sure. 

Assuming that he in¬ 
stalled another element in¬ 
side the bulb and connected 
it to the positive side of the 
line, would it stop the flow 
of particles and keep the 
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lamp clean inside? In 1882 
he sketched a bulb with the 
added element, but it was 
not until the next year that 
he was able to spare the 
time to build and test the 
new lamp. 

The second element con¬ 
sisted of a platinum wire 
suspended between the two 
filament legs and insulated 
by the glass. When it was 
connected to the positive 
side of the line, he found 
that a current flow was indi¬ 
cated in a galvanometer 
connected into that circuit, 
but when the new element 
was on the negative side, 
there was no current indica¬ 
tion. He did many other ex¬ 
periments in order to deter¬ 
mine the best size, form, and 
position of the second ele¬ 
ment and found out that the 
best shape was a flat metal 
plate installed between the 


filaments, without any elec¬ 
trical connection to any of 
them. The current thus ob¬ 
tained proved to be propor¬ 
tional to the incandescence 
of the lamp, or candle- 
power. This lamp was pat¬ 
ented by Edison (patent no. 
3,070,311) although its com¬ 
mercial use or application 
was vague at that moment. 

What he created was in 
reality an electronic measur¬ 
ing device—the first one 
able to demonstrate that 
electricity, under certain 
conditions, could and would 
travel inside a vacuum The 
reason why this truth was 
not fully understood at the 
beginning was that the na¬ 
ture of electricity was still a 
mystery, as far as electronic 
theory was concerned. 

The lamp was shown at 
the 1884 International Elec¬ 
trical Exposition in Philadel¬ 
phia PA and advertised as an 
indicator of incandescent 
voltages. Due to the lack of 
a better vacuum, the reli¬ 
ability was not of the first or¬ 
der. This time, however, Edi¬ 
son's discovery was re¬ 
ceived in a more favorable 
mood by the electrical elite. 
Visitors were frankly im¬ 
pressed by the tests con¬ 
ducted by Edison in person. 
The renowned professor Ed¬ 
win J. Houston declared pro¬ 
phetically that "Edison's in¬ 
vention would become 
something of great impor¬ 
tance in the future "He 


was right. Sir William 
Preece. Engineer-in-Chief of 
the British Post Office, also 
an induction telegraph pio¬ 
neer and later Marconi's 
protector and collaborator, 
who in the past had ques¬ 
tioned some of Edison's 
electrical conclusions, visit¬ 
ed the Exposition and was 
sincerely moved with the 
two-element lamp and ac¬ 
quired some of them for fur¬ 
ther study and evaluation. 
Elis conclusions were pub¬ 
lished in England and a pa¬ 
per about the subject was 
read at the Royal Society in 
1885. He coined the phrase 
"Edison effect" in recogni¬ 
tion of Edison's achieve¬ 
ment. 

Another well-known sci¬ 
entist, Dr. Ambrose Eleming, 
recently appointed electri¬ 
cal consultant to the new 
Edison London Lighting 
Company, obtained several 
of the two-element lamps, 
with the purpose of using 
them as indicators in genera¬ 
tor circuits —without much 

In 1897 the British physi¬ 
cist, |. J. Thomson, after ex¬ 
perimenting with the lamps, 
concluded that the effect 
was caused by the emission 
of "electrons," or negative 
electricity, which flowed 
from the hot filament to 
the cold element or plate 
connected to a positive 
potential. 

Edison did not pursue 














these investigations much 
further and his discovery lay 
dormant for several years, 
that is, until 1904 At that 
time Dr Ambrose Fleming 
— later knighted for his dis¬ 
coveries in the wireless tele¬ 
graphic field —was em¬ 
ployed as technical adviser 
by the Marconi Wireless 
Telegraph Co , Ltd , in Lon¬ 
don Fleming was searching 
for a better detector to be 
used on the receivers manu¬ 
factured by that company, 
since the magnetic detec¬ 
tors currently in use lacked 
sensitivity He then recalled 
the tests that years before 
he had made with the Edi- 
son-effect lamps and con¬ 
cluded that they could be 
easily adapted for that pur¬ 
pose, He dedicated himself 
to investigating the lamp in 
scientific detail and to im¬ 
proving its operation, using 
higher vacuum and chang¬ 
ing the plate to a cylinder 
surrounding the filament. 
He renamed them "oscilla¬ 
tion valves" (this is why, in 


Fngland, all vacuum tubes 
are still called valves) and 
applied for patents in En¬ 
gland, Germany, and the 
United States. 

Contrary to his claim, he 
did not invent the device, he 
simply used it as a high-fre¬ 
quency oscillation rectifier 
(it did not oscillate). Nor was 
he the first one to use it as a 
rectifier. Years later, as a re¬ 
sult of litigations, his US pat¬ 
ent was invalidated in favor 
ol Edison's previous patent 

It did not matter very 
much anyway, since the 
Fleming valve did not make 
a great deal of difference as 
a detector of wireless sig¬ 
nals. First, under the Marco¬ 
ni Company monopoly, it 
was supplied only to be 
used with their equipment 
and, second, it was less sen¬ 
sitive than the electrolytic 
and crystal detectors which 
appeared in the open mar¬ 
ket at about the same time. 

We cannot deny that Dr 
Fleming was a highly skilled 
and competent man of sci¬ 


ence who made abundant 
contributions to the wireless 
and later radio industry. His 
experiments with the two- 
element lamps revealed 
facts and set standards to be 
considered later in their 
manufacture. Ffe drew up 
operational curves; he used 
new configurations, types of 
filaments, and shielding 
schemes, and was the first 
one to use them in conjunc¬ 
tion with tuned circuits But 
what really revolutionized 
the wireless art and convert¬ 
ed it to "radio" (1912) was 
the addition of a third ele¬ 
ment or 'grid" by Dr Lee De 
Forest, which made the 
bulbs capable of being used 
as high-frequency detectors, 
amplifiers, and oscillators 
It has been said that Edi¬ 
son did not make any great 
scientific discovery, but by 
his skill, ingenuity, and 
power of observation, he 
was able to surpass in practi¬ 
cal achievements many sci¬ 
entists with broad academic 
backgrounds He was a real 


pioneer, perhaps the most 
important and imaginative 
of them all He planted 
many seeds; others contin¬ 
ued where he left off and a 
few collected the fruits His 
work may not look like 
much to today's electronic s 
students, where transistors, 
JCs, and computerized 
items dominate the in¬ 
dustry. but it was the begin¬ 
ning—without it, radio, TV, 
and satellite communica¬ 
tions would still be many 
years behind * ■ 
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•Other contributions made by 
Edison to the radio industry were 
the carbon microphone and the 
telephone receiver. The Edison 
battery was used as an emergen¬ 
cy source on ships’ radio sta¬ 
tions. 
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CIRCUITS 



Do you have a technique, modification, or easyto-dupticate cir¬ 
cuit that your fellow readers might be interested in? If so, send us a 
concise description ot it (under two pages, double-spacedI and in¬ 
clude a clear diagram or schematic il needed 
In exchange lor these technical gems, 73 offers you the choice ot 
a book from the Radio Bookshop, to be sent upon publication. Sub¬ 
mit your idea (and book choice) to: Circuits, Editorial Offices, 73 
Magazine, Peterborough NH 03458. Submissions not selected tor 
publication will be returned it an SASE is enclosed 



RELAY FLIP-FLOP: Here is a way to make two inexpensive DPDT re¬ 
lays act like an R-S flip-flop. One press of push-button switch SI sets 
it; a second press resets it. Indicator DS1 shows when the circuit is 
set. Use contacts K1B to control the load. The two relays must have 
the same coil-voltage rating, which must be equal to one-half of the 
supply voltage, Vs. Choose R1 to reduce holding current if de¬ 
sired .—Terry Simonds WB4FXD, Edgartown MA, 



WORLD’S CHEAPEST 1C TEST PROBE: The wire and resistor as¬ 
sembly should be about 4 inches long; work it into a bail-point pen 
case and glue the LED to the top. With a 560-Ohm resistor, this probe 
will handle up to 16 V.—Jim Hyde WB4TYL, Waycross GA. 




MEMORY SAVER FOR THE 
KENWOOD TR-7800: The Ken¬ 
wood has nicad batteries to 
keep the memory intact when 
you unplug the rig. However, if 
you leave the power switch on 
when the rig is unplugged, the 
batteries will also try to power 
the rig—resulting in a very short 
memory life. To keep this from 
happening, first locate the blue 
wire connected to the “EXT 
BACKUP" socket. Remove this 
wire from the socket and insert a 
small diode between the end of 
the wire and the terminal to 
which It was formerly connect¬ 
ed. The cathode end should be 
hooked up to the wire. Any small 
diode will do, provided It has no 
significant reverse current at 20 
volts and as little forward resis¬ 
tance as possible.— H, F. Vlney 
VE3AZX, Nepean, Ontario, Can- 


REMOTE-SWITCH TIME LIMITER: This circuit will produce a 1-2 second pulse when the remote switch con¬ 
tacts are dosed tor any length of time. When the remote switch closes, the 220-uF capacitor charges 
through the base-emitter junction of the transistor. The Ik resistor limits the current flow. As the capacitor 
charges, the current drops off until the transistor stops conducting. The on/ott cycling pulls the rela yin and 
then drops it out again. The 1-meg resistor discharges the capacitor when the remote contacts open 
again .—Jeffrey Blackmon W2YI, Beavercreek OH. 



AUTOMOBILE EARLY-WARNING SYSTEM: Hook this up to your car and you will never leave your lights 
on again. The circuit also provides an audible turn-signal indicator, as well as warns you when your 
emergency brake is on. Another connection to the oil-pressure light will tell you when the pressure is 
tow.—Keith Barrlgar W7KQD, Lebanon OR. 
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FUN! 


John Edwards KI2U 
PO Box 73 

Middle Village NY 11379 


the memory of WR2APG, a line machine 
that died of neglect because it operated on 
220 MHz instead of 2 meters. Funny, at the 
time I thought a repeater that specialized 


1) Colonel Perkins 

2) Major Armstrong 

3) Captain Andrews 

4) General Stupidity 


TCHAPTOAU PLUDXE 

PERTREEA TILSP 

LENNCHA OUELCHS 

FOFEST PIMXSLE 


CB is broken 

61-80 points—Take your HT along on 


































































































































































































1 SOUND 1,0,0,0 

2 SOUND 0,0,0,0 

3 SOUND 2,0,0,0 

4 SOUND 3,0,0,0 


697 770 852 941 1209 1336 1477 1633 


70 LT = INT (LT + 0.5) 

100 HTH = INT (HT / 256) 

110 HTL. » HT ~ (HTH * 256) 

120 LTH = INT (LT / 256) 

130 LTL = LT - (LTH * 256) 

200 POKE 53768,120 

210 POKE 53762,HTH 

220 POKE 53760,HTL 

230 POKE 53766,LTH 

240 POKE 53764,LTL 

250 POKE 53763,230 

260 POKE 53767,230 

270 FOR T == 1 TO 125 5 NEXT T 

290 POKE 53763,224JP0KE 53767,224 

300 GOTO 10 

400 END 

1000 REM 5 DATA STATEMENTS HERE 
1010 REM 5 LOW TONE, HIGH TONE 
9999 DATA -1,-1 
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Bill Gosney KB7C 
Micro-60, Inc. 

2665 North Busby Road 
Oak Harbor WA 98277 


a club official, or a notary public. 

Applications shall include deta 
each contact. Mt, callsign, GMT. 
frequency, mode. RS(T), and any 


made available by the Central Radio Club 
for a cost of 3 IRCs. Also, it is important 




































































































































































































KEEPING INFORMED 


The chief way of keeping abreast of the 


REVIEW 


success with the other members of the QRX OX. Box 4072, Richardson TX 75080, or 


THE HEATHKIT SS ! 








































































WHAT DO YOU THINK? 



A BOOK ON AMTOR: 
WHAT, WHY, AND HO' 
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Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 


CONTEST DEADLINE 


ad States. Canadian pr 






































































































































































CIRCUITS 


Do you have a technique, modification, or easy-to-duplicate cir¬ 
cuit that your fellow readers might be interested in? If so, send us a 
concise description of it (under two pages, double-spaced) and in¬ 
clude a dear diagram or schematic it needed. 

In exchange tor these technical gems, 73 offers you the choice of 
a book from the Radio Bookshop, to be sent upon publication. Sub¬ 
mit your idea (and book choice) to: Circuits. Editorial Offices, 73 
Magazine, Peterborough NH 03458. Submissions not selected for 
publication will be returned if an SASE is enclosed. 

STOP THAT ICOM BUZZ: If your IC-45A has been buzzing through 
the speaker or has been commanding itself to start or stop scan¬ 
ning, here is a simple fix. The regulator (IC-2) on the main board is the 
power supply for the whole radio. If it is not securely attached to the 
heat sink and if the board on which it sits is not firmly attached to 
the framework, the regulator filter will not function correctly. This 
will allow a buzz into the 8-V supply and will false the CPU into think¬ 
ing that there was a command. Buzz may also occur in the audio. By 
tightening the four screws holding IC-2 to the heat sink, the filter will 
be allowed to work again. Some of the screws have a tendency to 
loosen, so a periodic check of them is in order— Rick Bates 
WA6NHC, Petaluma CA. 



SIMPLE TRANSISTOR TTL-TO-RS232 INTERFACE: This circuit can 
be used for driving an RS232 printer or RTTY interface from your 
computer or digital circuit. Transistor Q2 is the ± 12-Vswitch, which 
is driven by 01. When the TTL input is low (mark condition), Q1 is 
turned off, which allows 02 to be turned off. The RS232output rests 
at - 12 volts (mark condition). When the TTL input is logic high (5 V), 
Q1 turns on and drives the base of Q2, turning it on. The RS232 out¬ 
put will then go to approximately + 12 V(space condition). Resistor 
R6 maintains a current limit in the event of an RS232output short cir¬ 
cuit. It the output were shorted without R6 in the circuit, the switch 
transistor Q2 would quickly burn out. The total cost of this simple in¬ 
terface is 32 cents .—Scott M. Freeberg WA9WFA, Ft. Atkinson Wl. 



RTTYOSCILLA TOR FROM ORGAN PARTS: Using a tapped coil from 
the tone generator in a Conn organ, this circuit will generate the nec¬ 
essary 1275 and 1445 tones for RTTY. The coil I used (no. 57013) pro¬ 
duced F sharp in the sixth octave; it should be available from a Conn 
organ repairman. Other coils may be used instead, but you must 
change the value of C2 to get the correct frequency. The circuit itself 
is a standard Hartley oscillator, and the coil adjustment is a stan¬ 
dard 6-32 nut. Be sure to finish tuning in the tightening mode to en¬ 
sure mechanical stability.— Win. Bruce Cameron WA4UZM. Temple 
Terrace FL 



TELEPHONE OFF-HOOK INDICATOR: How many times have you 
started to dial a phone number only to find that the line was already 
In use? This visual Indicator will signal when another person Is dial¬ 
ing or talking on an extension and also provides a visual ring Indica¬ 
tor. The LED flickers when the phone is ringing or being dialed. It 
glows steadily when the phone is off the hook. R1 and R2 Isolate the 
system from the phone lines. They form a voltage divider with R3. 
The divider output feeds switch 07-02. The switch senses less than 
2 uA which the system dra ws from the phone line. That small current 
drops about three volts across R2 which keeps Q2 turned on. That 
keeps the second switch, Q3-Q4, and the LED turned off. But when 
the phone Is taken off the hook, the line voltage falls, 01-02 turns 
off, and Q3-Q4 turns on and lights the LED. Voltage changes caused 
by ringing and dialing also affect the switching, causing the LED to 
flicker .—Evert Fruitman W7RXV, Phoenix AZ 



FAST-ATTACK SQUELCH: This circuit was designed to provide a 
high-performance squelch tor a nearby repeater which uses an 1C- 
22A as a receiver. The Schmitt trigger provides a little hysteresis 
where it takes more signal energy to open the squelch than it takes 
to close it. Replace Q13 with a 2N222A in a TO-18 package, and leave 
the base lead out of the circuit board so that a wire can be attached 
to it later. Cl must be greater than 100 uF to eliminate popping noise 
around the squelch threshold, but the other parts values are not criti¬ 
cal.— Robert C. Lee WBOUBL, North Liberty IA. 



CW SI DETONE FOR THE DX-60: Here’s a simple circuit which will 
work with any receiver and create a sidetone when you are keying 
the DX-60. Transformer T1 is an audio transformer. The unijunction 
transistor used as an oscillator may be any type; a 2N4871 or RS 
276-2029 are good choices. Battery drain is practically nil, so a 
power switch is not needed, and you can change the pitch of the 
sidetone by changing the value of R ,—Terry Simonds WB4FXD, 
Edgartown MA. 
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W2MSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

nology. I'll let you know what's 
going on. In computers, the big 
push is for lap micros—the size 
of a ream of paper, but a lot 
lighter. This editorial is be¬ 
ing written on a Tandy 100 lap 
computer. 

The first system on the mar¬ 
ket along this line was the Sony 
Typecorder, But after almost a 
two-year lead on the field, Sony 
dropped the ball. An old CB 
manufacturing firm in Japan 
went the next step, producing 
the Tandy 100. This came out 
last spring, made by Kyocera. 

Oddly enough, I described 
this computer In rather good de¬ 
tail when I gave a talk at the At¬ 
lanta Hamfestival in 1976. Later 
that year, I went over the idea 
with K. Mishi, the editor of I/O 
magazine in Japan. He, I am 
told, worked with Kyocera on its 
development. My part has prob¬ 
ably been forgotten by now, but 
then, I’m used to that. It was my 
idea for splitting channels onto 
videotape which brought the 
first breakthrough by Ampex 
back in 1948. I'm sure that my 
idea has been long forgotten, 
but it was the one thing they 
needed to get started with video¬ 
tape. At the time, I was working 
as a television engineer for 
WPIX in New York. I attended a 
TV seminar and talked with the 
engineers at Ampex. They ex¬ 
plained that they were only able 
to get part of the needed band¬ 
width on tape, so I suggested 
heterodyning the frequencies 
down to where they could be put 
on tape and then putting the fre¬ 
quencies back together again 
later. They tried It and soon after 
we had 2" videotape from Am¬ 
pex. No one even said thanks. 

The lap computer is going to 
be a very big business, with op¬ 
portunities for small firms to de¬ 
velop accessories and software 
for them—thousands of firms. 
But the next step is one which 
should be duck soup for 
hams—getting rid of the umbil¬ 
ical cord so these small comput¬ 
ers can access a nearby corn- 
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puter system and use its stor¬ 
age, disks, and so on. 

The next step, as I have writ¬ 
ten before, is a communications 
system which will allow all the 
desktop and lap computers to 
almost instantly communicate 
with each other. Something 
along the line of our repeater 
systems, which would receive 
messages, check them for er¬ 
rors and roger them, then pass 
them along to the addressee, 
complete with a return roger of 
the message receipt, is so obvi¬ 
ous that it will have to happen. 

In a few years, any of us who 
want to will be able to communi¬ 
cate with anyone anywhere 
from anywhere. It won’t make 
any difference If I am walking 
along the street, shopping In 
Singapore, or in New Hampshire 
on a ski slope—I’ll be able to 
type or talk a message and have 
it delivered in a second or two 
anywhere to anyone. 

This Is going to change busi¬ 
ness beyond recognition. It is 
going to have a profound effect 
on education. We can’t even im¬ 
agine what it will do for personal 
relationships. Oh, busy people 
will have to have filters built into 
the system. When my business 
was small I was available by 
phone at any time of the day or 
night. Today I'd be driven crazy 
with stockbrokers wanting to 
help me with my "portfolio" and 
investment counselors wanting 
to help me with my estate—not 
to mention people with invest¬ 
ment ideas for my money and so 

This communications de¬ 
mand is going to call for hun¬ 
dreds of thousands or even 
millions of technicians, engi¬ 
neers, and scientists to devel¬ 
op, manufacture, sell, install, 
operate, and service the sys¬ 
tems it will take to do all this. It's 
mind-boggling in concept. We’ll 
be using fiber optics, lasers, 
microwaves, satellites, and any¬ 
thing else we can Invent to 
speed things up and make them 
less expensive. Amateurs are in 
a beautiful spot to get in on this 
bonanza. We can develop the 


communications system to do 
these things on our ham bands 
and then get started with small 
businesses, taking advantage 
of what we’ve developed. Or, we 
can bicker over the Morse code, 
get into plleups fighting for DX, 
and jam nets, I'm not sure these 
activities are any more benefi¬ 
cial to the world—or to amateur 
radio—than sitting back with 
two six packs of 807s and watch¬ 
ing football on television. 

The potential is there. My 
magazines can help you take ad¬ 
vantage of that potential. In¬ 
deed, it is as a direct result of 
the pressures at Dayton, where 
hundreds of hams pleaded for a 
good Commodore magazine, 
that we’ve launched RUN. The 
first issue is due out in 
December and it looks as if It 
will sell well over 100,000 copies 
right off the bat. 

I have a bunch more maga¬ 
zines in various stages of get¬ 
ting started just in case you 
don’t smoke and are interested 
in getting involved in high-tech 
publishing. Some are in com¬ 
puters, some aren’t. 

Speaking of new magazines, 
while in Munich for the huge 
systems show (24 big buildings 
full of computer exhibits), we 
had a launching party for PC 
Welt, a German version of our 
sister magazine, PC World. Then 
on to Tokyo for the Data Show 
and the launching of a PC maga¬ 
zine there. A day later in Singa¬ 
pore, at a third computer show, 
It was Computerworld Asia get¬ 
ting started. And finally, after 
flying around the world and 
covering 32,000 miles in ten 
days, Comdex in Amsterdam 
and the launching of Micro/lnfo, 
a Dutch micro magazine—an¬ 
other associated publication of 
ours. Whew, what a trip! 

With sunspots diminishing 
for several more years, DX is go¬ 
ing to be harder to work and our 
higher bands are going to be of 
less interest. This seems like the 
ideal time for us to get cracking 
on new technologies—to experi¬ 
ment with new modes of com¬ 
munications and pioneer them. 

Will we see automatic identi¬ 
fication of rigs this year? It’s cer¬ 
tainly within our current level of 
technology to do this, complete 
with a reader on every receiver 
which will instantly read out the 
call of the received station—or 
even search for a desired station 
prefix. 

With the development of pack¬ 


et communications, we may 
start having automatic message 
handling. We could have done 
that thirty years ago when I first 
started working with digital 
communications on the ham 
bands, but our national organi¬ 
zation has done little to encour¬ 
age such changes—and much 
to discourage them. 

I'll be continuing to get on 
20m as much as I can—and 2m 
from the various cities I visit. 
Sure, I'll be at Dayton this year. I 
don’t know which other ham- 
fests I'll make as yet. I've got¬ 
ten to a lot of shows in the 
last year—consumer electronics 
shows in Tokyo, Seoul, Taipei, 
Hong Kong, and Vegas—com¬ 
puter shows in Anaheim, Tokyo, 
Taipei, Singapore, Munich, 
Amsterdam, Atlanta, Boston, 
New York, and so on. This year 
I’ll be hitting more hamfests— 
hope to see you. 

INTERNATIONAL 

CORRESPONDENTS 

First, I'd like to thank the hun¬ 
dreds of readers who have called 
or written to say that this feature 
is a favorite. We have 52 coun¬ 
tries with correspondents and 
need more. I'll do what I can to 
find 'em as I travel, but you can 
help, too, by mentioning it over 
the air to some of the more inter¬ 
esting DX operators you get to 
know. 

Some of the columnists have 
a tough job getting the informa¬ 
tion through—such as from Po¬ 
land, for example. We really ap¬ 
preciate the job they’re doing. 

We have a truly international 
hobby and this column helps to 
bring us all together. We’re inter¬ 
ested in news of expeditions, 
special operations, certificates, 
how visitors can get permission 
to operate, how easy or difficult 
it is to get a license for locals, 
and so on. 

With its international column, 
73 has become the first interna¬ 
tional ham magazine. 

PRICE INCREASE 

With a substantial increase in 
the international distribution of 
73—increased by 35,000 co¬ 
pies—we’ve had to increase the 
cover price from $2,495 to $2.50 
so as not to drive foreign news¬ 
stands right out of their minds. 
We had enough trouble In Amer¬ 
ica-worth every minute of It, by 
the way. 

Speaking of DX, have you 
chosen a DX operator to send a 
subscription to? 
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change messages during the exercise, up 
and down the network The Guard Relay 
Stations handled the messages between 
each District and distributed tl 


ur modernized AREC Manual In 


s. the AREC has pt 


Outpost Stations Zone and Outpost Sta¬ 
tions were operated at a portable loca¬ 
tion. on battery power 


dio Emergency Corps continued to quick¬ 
en. and in June. 1932. negotiations were 
completed with the New Zealand Post and 
Telegraph Departmeni tor the allocation 
ot special callsigns and wavelengths for 
the Emergency Service to use during prac¬ 
tices and emergencies. As this step had fi¬ 
nally cemented the setting up ot the REC 
ot NZART, Headquarters, through an edi¬ 
torial in Break-in. paid tribute to the untir 
mg efforts of Norn Laugeson ZL3AS and 
Wally Ashbndge ZL2GP ot Wellington, in 
Emulating and founding the REC 
Headquarters expressed me gratitude of 
all ZL amateur operators and the com¬ 
munity at large for all the work these two 
men. and others closely associated with 
them, had done to set up an organization 


Wally Ashbndge. 
munications man in the New Zealand Ar¬ 
my and the officer In charge of the Guard 

ration between Wally Ashbridge and 
Norm Laugeson professionally a detec¬ 


tion of the present day emergency net¬ 
work systems and that which they formu 
lated over 50 years ago. Truly a great trib¬ 
ute to the organizational abilities of these 
two men and their assistants 
The honor of the first operation 
the Christchurch group which went 
action in January, 1932. m response to a 
request from Wally Ashbridge to provide 

parties at an alpine tragedy In the South¬ 
ern Alps. They made ready a group of four 
Christchurch amateurs, complete with 


vere lloodings on both North and South ls- 
3. earthquakes, land sub- 

r Radio Emergency Corps of today is 
I the same as our founders Intend 
; emergency communica¬ 
tions during times of national calamity or 
iragedy. and to provide readily organized 
mobile transmitting and receiving sta- 


use today has changed drastically from 
that used In former times. 

Today, when Search and Rescue Head¬ 
quarters requires it. we are able to put 


In contrast with the 1932 Field Day sta¬ 
tistics mentioned previously, and 51 years 
later the 1983 Field Day statistics were 
59 Sections operated 266 Field Day sta¬ 
tions manned by 491 operators, on 80. 40. 

12.000 messages during the 6 hour period 


Last month I made mention of a special 


bands and all modes, the period of the 
award will be from 0001 hours GMT Feb- 
i until 2400 hours GMT. Febru- 



tlons for one 1 
hour of the request being received They 
were to set up 


the Telegraph office at Beaiy. the head- 

tant Although the missing trampers 
bodies were found before the team was 
able to set up the communications net. it 
ably demonstrated the way REC was go¬ 
ing to work in emergencies 

In July. 1932. the new REC held another 
Field Day with the newly allotted callsigns 
..11 Sections oper- 


ones for obvious reasons. The present 
three-letter callsigns were Introduced In 
the early 50s. At this 1932 Field Day. the 
frequencies used were between 100 and 


detailed list of the contacts, verified by 
another amateur operator, to the Awards 
Manager, PO Box 609, Hastings. New Zea¬ 
land, with USS2.00 or IRC equivalent, to re¬ 
ceive the handsome colored certificate. 

Hastings is a city of about 50.000 popu¬ 
lation situated in the province of Hawkes 
Bay on the east coast of New Zealand's 


tions were tit to operate on emergency du 
Sections agreed that the exercise had 

communications between some of the Ba¬ 
sic Stations. 

By February. 1933. a new constitution 
and organizahon plan was approved by 
Headquarters and duly circulated to all 

tlon Is still basically the same as given in are 
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good climate and is surrounded by some 

Hastings is the center of a great and ex¬ 
panding food- and meat-processing in¬ 
dustry and one of the most prolific frult- 
and grape-growing districts in New Zea 
land: it justly earns the name. The Fruit 
Bowl of New Zealand " 

Hastings was constituted a town dis¬ 
trict In 1833. and in 1886 achieved borough 
status. The earthquake of 1931. followed 
by raging fires, caused great loss of life 
and reduced the town to ruins The man¬ 
ner In which the city was rebuilt Is a trib¬ 
ute to the citizens of that day In 1956. the 
borough was proclaimed a city. The motto 
on the City Arms signifies the harmony be¬ 
tween city and countryside 
So to all certificate hunters and readers 
of 73. best of luck with this special award 
Remember, it is available only for con¬ 
tacts during the month of February. 1984 
By my calculations, this column should 
be appearing in the January issue of 73. so 
I take this opportunity of wishing all read¬ 
ers belated Christmas greetings and the 
very best of luck for the coming year For 

you are In the depth of your winter season 
at this festive time while we, down under. 


and our summer holidays, as well as the 
festive season. 

In New Zealand, most large manufac¬ 
turing businesses curtail the«r operations 
at Christmas time, closing from about De¬ 
cember 23rd until around January 15th. 


The schools close for their summer vaca 
tion about December 15th and do not re¬ 
sume until February 1st. the equivalent of 
the US/Canadian July/August school holi¬ 
day closing. 

I hope everyone had a Happy Christmas 
and a joyous New Year and that Father 
Christmas brought you something worth¬ 
while for the shack this year! 



PAPUA NEW GUINEA 

Stegi Freymadl P29NSF 



Lae Is the capital of the Morobe Prov 
ince, one of Ihe twenty provinces of Papua 
New Guinea The Morobe Province is lo- 



vertismg amateur radio and thus increas¬ 
ing the number of PNG nationals who are 
amateurs? In November. 1982 P29BR 
P29LC. P29MC. and P29NL put then heads 
together and decided to offer radio ama 


publicize amateur radio, a lunch time 
demonstration was organized with P29BR 
bringing his rig along and demonstralmg 
It. The exercise also was written up in the 
campus newspaper, the Reporter The re- 


100 students enrolled for amateur radio 
classes. Thus the Unitech Amateur Radio 
Club (UARC) was formed and it has the 
callsign P29HT. The club is affiliated with 
the Papua New Guinea Amateur Radio 

P29BR. P29LC P29MC. and P29NL give 

hours of tuition per week in CW. theory, 
and regulations Practical projects, such 
as building Morse-code oscillators, are in¬ 
cluded. P29BR records CW tapes for the 
weekly classes and on one occasion he 
decided to take the prepared tapes home. 
The following morning Bill discovered 

were the plastic bag containing the tapes, 



subsequently received from the ARRL 


reclly with the Umtech Amateur Radio 
Club and appeared willing to have dona- 


New Guinea Amateur Radio Society 
There can be no questioning the ability of 
the staff and their supervision at the Uni 
tech Amateur Radio Club. There also can 
not be any doubt that future PNG ama 
teurs are more likely to come from Umtech 


er of PNG nationals 


has to be paid six weeks prior to the exam 


funds. We wish the UARC every success 
in their undertaking 1 
On July 14 1983. the Post and Telecom 
in Corporation in PNG sent out 


censees Introducing the new Irequencies 
available as from lhal date Full-call oper¬ 
ators have the authorization to operate on 
all the new frequency bands. Limited ama 
teur radio stations are permitted to oper¬ 
ate on all new frequency bands above 30 
MHz, and for Novice amateur radio sta¬ 
tions there is no change in operating fre- 



POLAND 

Jerzy Szymczak 
78-200 Blalogard 
Buczka 2/3 

POLISH ETHER 
CARRIES SOUND AGAIN 
On January 1, 1983. martial law m Po- 


pected to begin their usual activity. But no 
gain without pain. Renewing licenses was 
faced with official difficulties, and the 
commencement ol reissuing them did not 
take place in January as it had been an 


At the beginning of 1983. le 

titioners to District Verification Boards— 
were still being brought up to date. At the 
end of January, 1250 applications were 

Presidium of PRAA (Polish Radio Ama- 








THAILAND 

Tony Waltham HSIAMH 
do Bangkok Post 
U Chuliang Building 
Bangkok 10500 


Most countriss have their national ra¬ 
dio society, and In Thailand the "magic" 































DIRECTION FINDING? 


★ Ooppler Direction 
Finding 

★ No Receiver Mods 

★ Mobile or Fixed 

★ Kits or 


Interface 

★ 12VDC Operation 

★ 90 Day Warranty 


★ 135-165 MHz 
Standard Range 


New Technology (patent pending) converts any VHF FM receiver into an advance 
Ooppler Direction Finder. Simply plug into receiver's antenna aid external speaki 
jacks. Use any four omnidirectional antennas. Low noise, high sensitivity for wet 
signal detection. Kits from $270. Assembled units and antennas also available. Calli 
write for full details and prices. 
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J. H. Nelson 
4 Plymouth Dr. 
Whiting NJ 08759 


EASTERN UNITED STATES TO: 



First letter = night waves. Second=day waves. 

G = Good, F = Fair, P = Poor. * = Chance of solar flares. 
# = Chance of aurora. 

NOTE THAT NIGHT WAVE LETTER NOW COMES FIRST. 




JANUARY 



MOFL 

T?* WED 

]6^17^ 

F/F 

1 F/G 

! F/G 1 F/F F/F 

G/G G 

8 

19 

10 n 12 

13 14 

F/F 

F/G 

F/G F/F F/G 

G/G G 

15 

16 

17 118 19 

20 21 

F/F 

F/G 

G/G j G/G F/F* 

P/F* F 

22 

23 

24 25 26 

27 28 

F/F 

F/G 

! G/G ! G/G F/F* 

P/F* F 

29 

30 

31.;■." ; 



F/F 1 F/F j P/F 
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Peak Your Picture with 
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W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


EGO 

Yes, when you write to 
Wayne Green, I get your letters. 
Usually I answer, too, much to 
the surprise of a lot of hams. 
There Is some sort of weird con¬ 
cept that because someone is 
rich and famous, he is no longer 
reachable. 

Ha! There’s that Wayne Green 
ego again—rich and famous, in¬ 
deed! Well, golly, I am rich in 
some ways—and though I’ve 
worked a lot harder than most 


people to get this way, many 
begrudge it. I've been writing for 
how many years now telling you 
how to get rich? I wrote a 
booklet on the subject twenty 
years ago. And fame? Well, I'm 
well known in a couple of 
esoteric circles, if that qualifies. 
Wayne Green is not yet a 
household term. 

Several letters of interest ar¬ 
rived in the last few days. One 
chap advised me that he was 
canceling his subscription be¬ 


HELP WANTED 

73 Is currently seeking a TECHNICAUINTERNATIONAt. editor. The position 
requires excellent written and oral communications skills, as well as a Generai- 

sponslbllltles include participating in manuscript review, organizing and imple¬ 
menting special proiects, and supervising our stall ol foreign correspondents. 

We otter a competitive salary and Benefits package and excellent. Informal 
working conditions. As you may know. Peterborough is located 75 miles (rom 
Boston In the beautiful Monadnock region ol New Hampshire—a state with no 



borough NH 03458 



QSL OF THE MONTH 




cause my ego is too big and 
three thanked me for egging 
them on to become entrepre¬ 
neurs and making them rich. 
Well, I don’t know what to do 
about my ego except ask you to 
live with it and enjoy it the way I 
do. Without my ego prodding 
me. I'm not sure where a lot of 
things would be. 

It’s a funny thing about 
"rich." Sure, I have millions to 
spend just about any way I want, 
so what am I doing with all of 
that loot? Well, for the most 
part, I am using it to help people 
with ideas bring them to fruit 
and to make some of my own 
ideas work. A plane? Nope, I 
tried that almost 30 years ago, 
back In ’57, and got it out of my 
system. A big house, right? 
Tried that In '69 and didn’t like it. 
No, I have a small room over my 
office which is all I need for the 
few hours I waste sleeping each 
day. I've been putting in hun¬ 
dred-hour weeks for years and 
enjoying it. 

A few weeks ago, I attended 
an evening class in the art of 
conversation here in Peterbor¬ 
ough. Each of us was asked to 
explain why we’d come to the 
class. My rationalization was 
that I really didn’t know how to 
cope with cocktail parties. 
What in the hell can one pos¬ 
sibly talk about when meeting 
someone for the first time in a 
noisy room where the meeting 
will be for only a few minutes? 
As I explained, I realized that I 
had exactly outlined one of the 
big problems with amateur 
radio—we meet new people 
under noisy conditions and are 
expected to provide some 
entertainment. 

I was assured by everyone 
else in the class that my prob- 
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). W. Spencer W4HDX 
300 Lido Cove 
Nkeville FL 32578 


This Antenna Is Too Good 
To Be True 

It's cheap. It works well on all bands. 

And it radiates a super signal. 



W ould you like to have 
an antenna that is 
capable of working all the 
HF bands, or any combina¬ 
tion of the HF bands includ¬ 
ing the new WARC bands, 
with excellent results, at a 
fraction of the cost of any 
of the commercially-avail- 
able multi-band antennas 
now on the market? Would 
you also like to have an 
antenna with an extremely 
low noise factor? I'm about 
to describe an antenna that 
is just what you've been 
looking for. 

This antenna is a combi¬ 
nation of the old reliable 
Zepp with the addition of a 
balanced, shielded feeder 
system which has been de¬ 
scribed in various articles in 
past years. 

This antenna has been in 


use at this QTH as well as 
other locations for over two 
years and has yielded many 
fine DX contacts and many 
good reports stateside. 

To determine the compar¬ 
able merit of this antenna, I 
erected separate dipoles cut 
for the center of each band 
and fed with a single coaxial 
cable. Then I connected all 
antennas so they could be 
switched rapidly to deter¬ 
mine the comparable signal 
strength of each as com¬ 
pared to the Zepp antenna. 

In addition to the favor¬ 
able signal strength compar¬ 
isons, I also found that the 
noise level on the Zepp 
antenna was as much as 5 
S-units lower than the noise 
on the cut-to-frequency di¬ 
pole with single coax feed. I 
noticed this particularly on 


Desired Bands Length of Each Side of Antenna 

of Operation From Center to Each End 


160-10 meters 
80-10 meters 
40-10 meters 
30-10 meters 
20-10 meters 
17-10 meters 
15-10 meters 
12-10 meters 


108 feet 
54 feet 
27 feet 
18.7 feet 
13.5 feet 
10.4 feet 
9 feet 
7.8 feet 


Completed antenna mounted in tree. 
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Table 1. 





Fig 1. Method of supporting coax cables. 



Fig. 2. Method of supporting antenna at center. 


the model of this antenna 
which was erected inside the 
attic of the house in close 
proximity to the ac wiring of 
the building, where the 
noise level dropped from an 
S-7 on the regular dipole to 
an S-2 on the Zepp antenna. 

To erect this antenna, 
you simply figure the length 
of each side of the flat-top 
from the center to one end 
by using the figures shown 
in Table 1. 

This antenna can be cut 
for operation an any com¬ 
bination of the HF ham 
bands, including the WARC 
bands which have not yet 
been released. For example, 
if your space is limited, you 
could put an antenna in the 
attic of the house, as I did at 
one location where I had an 
attic length of only about 
30 feet, by figuring the an¬ 
tenna for operation on the 
bands from 30 through 10 
meters, resulting in a length 
each side of center of 18.67 
feet. Then I ran the wire in a 
Z configuration through the 
attic to compress it into the 
available space. 

I have used various con¬ 
figurations on this antenna, 
such as the halo and the in¬ 
verted vee, and all give 
good results. If you can get 
the wire running in a fairly 
straight line, though, your 
radiation pattern will be 
more predictable. 

The flat-top portion is de¬ 
signed so that it is non-re- 
sonant on all bands of oper¬ 
ation, thereby avoiding any 
extremely high or extremely 



low impedance points at 
the feedpoint. It is designed 
to be resonant between the 
one-quarter, half, three- 
quarter, and full-wave 
points on each band, 
thereby presenting an imped¬ 
ance to the antenna tuner 
which is well within range 
of the tuner on each band 
and will not cause any 
loading problems. An an¬ 
tenna tuner is required 
which has a built-in balun 
or you must use a 4-to-1 bal¬ 
un at the bottom end of the 
line if you don't have one 
built in the tuner itself. 

The feedline is made of 
two runs of RG-8/U cable 
for powers up to 2 kW PEP, 
or for low-power operation 
under 100 Watts output, 
RG-58/U cable may be used. 
The lower loss of the larger 
cable is to be desired, how¬ 
ever, even if low power is 
used. 

At the top end of the 


feedline, you connect the 
shields of the two coax ca¬ 
bles together but do not 
connect them to anything 
else. Then at the bottom 
end of the line, the shields 
are tied together and con¬ 
nected to the ground con¬ 
nection in the shack and to 
the frame of the tuner. 

The inner conductors of 
the coax cables are tied to 
each leg of the antenna 
wire at the top of the line, 
and at the bottom end of 
the line they are connected 
to each of the balanced- 
output terminals of the an¬ 
tenna tuner. 

The feedline can be run 
anywhere —underground, 
through metal or vinyl con¬ 
duit, or in the open. The ad¬ 
vantage of this arrange¬ 
ment, however, is that un¬ 
like the old open-wire feed¬ 
line previously used on 
Zepp antennas, it does not 
have to be kept clear of sur¬ 
rounding objects and is not 


affected by anything it lies 
against. 

There is only one precau¬ 
tion that must be observed, 
and that is to cut both runs 
of the cable exactly the 
same length. They do not 
have to be run together, 
however, as the shield on 
the cables provides exact 
electrical separation of the 
inner conductors even if the 
two cables are widely sep¬ 
arated. 

As to the length of the 
feedline, I found that best 
results were observed with 
line lengths of a little more 
than one-quarter wave¬ 
length at the lowest fre¬ 
quency of operation (or 
anything longer than that). 
Try to avoid making the 
feedline resonant at any 
particular frequency you 
are operating on, particularly 
the quarter-wave points, or 
you may have a bit of trou¬ 
ble tuning on this band. Op¬ 
timum length seemed to be 
about 55 feet for 80- 
through-10-meter opera¬ 
tion. 

As for the mechanical 
construction, it is a good 
idea to use a long insulator, 
the same type used on the 
ends of the antenna, at the 
center of the antenna. Then 
slip the end of another insu¬ 
lator of the same type over 
the wire on either side of 
the center insulator, com¬ 
ing off at right angles to the 
wire and tying the support 
wire to these two side insu¬ 
lators so that equal pull is 
achieved on either side of 
the center insulator. Then 
73 Magazine • February, 1984 11 



Center support and coaxial connections. 



at the point where you need 
to support the two coax 
cables, just strip off about 2 
feet of the braid, leaving 
the plastic inner insulation, 


and bend this part along the 
center insulator on each 
side and tape securely to 
the insulator. This will 
make a very solid support 


for the coax cables and will 
prevent wind damage. 

It is also a good idea to 
bring the coax up the sup¬ 
port mast a little higher 
than the antenna wire and 
bend it over in a loop and 
down about a foot or so to 
prevent the water from 
leaking into and running 
down the inside of the 
shield on the cables. 

To separate the braid 
from the inner conductor 
on the coax, strip the out¬ 
side plastic covering off 
about two feet from the 
end. then take the end of 
the shield and push it down, 
compressing it so that it be¬ 
comes larger in diameter. 
Then take an awl or the tip 
of a small screwdriver and 
carefully spread the strands 
of the braid apart, opening 
up a hole in one side of the 
braid. At this point, bend 
the coax in a U shape and 
pull the plastic insulated 
center conductor out 
through the hole in the side 


of the braid, U-end first. 
This will eliminate the need 
for making a solder connec¬ 
tion directly next to the 
plastic where it might 
create a weak spot. 

I have used this antenna 
in various situations cut for 
all different combinations 
of bands and have had ex¬ 
cellent results with all of 
them. I have also made up a 
portable version of this an¬ 
tenna using stranded insu¬ 
lated wire such as zip-cord 
and RG-58/U cables which I 
use in conjunction with a 
small antenna tuner for 
operation on 20 through 10 
meters. This one is only 13.5 
feet long either side of 
center with two runs of co¬ 
ax 20 feet long. It is ideal for 
stringing up in a motel room 
or apartment by supporting 
it with nylon fishing line. 
Just keep the antenna out a 
foot or so from the wall and 
support it by anything you 
can find to tie it to. Try it 
You'll like it!■ 



ANTBNNA »flll 


CUSHCRAFT 


HY-GAIN TOWERS 

BUTTERNUT 


HY-GAIN 


A-3 

$215 

HC37SS 

$ 649 

HF6V 

$109 

TH5MK2S 

$318 

A-4 

$285 

HC52SS 

$ 919 

KLM- 

— 

TH7DXS 

$378 

R-3 

$275 

HG54HD 

$1429 

KT34A 

$299 

TH3MK3S 

$218 

AV-5 

$ 98 

HG70HD 

$2539 

KT34XA 

$449 

TH3JRS 

$158 

214-FB 

$ 79 

HG50MTS 

$ 749 

144-148LBA 

$ 69 

TH2MKS 

$138 

32-19 

40-2CD 

$ 94- 

$285 LARSEN 

CALL AEA 

CALL 

18AVT/WS 

18HTS 

$ 94 
$335 

ANIXTERMARK 

HW-3 TRIBAND MOBILE $34 

Call “TOLL FREE” For All Antennas & Accessories 

V2S 

EXPLORER 14 

30/40 METER KIT 

$ 37 
$275 , 
$ 79J 


2900 N.W, VIVION RD. / KANSAS CITY, MISSOURI 64150 / 816-741-8118 
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Construct the 
Minuteman Timer 

As faithful as a grandfather clock , this timer 
tells when to ID—and when not to. 


Cary L. Fait KABQBQ 
302 £. Lexington St. 
Davison Ml 48423 


"R ut why do you need 
D another ID timer?" 


my wife asked when she 
saw me trying to sneak yet 
another Radio Shack bag to 
the workbench. 

The question was no sur¬ 
prise because my very first 
electronics project had 



Photo A. Interior view of the timer. 
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been an ID timer described 
in one of the ham maga¬ 
zines. It had worked per¬ 
fectly, and I remembered 
well how I had shown it to 
her and carefully explained 
why I had added a single 
LED to the circuit for a 
visual signal. 

The answer to her ques¬ 
tion, however, was that this 
timer is even better but it is 
still simple. Using a seven- 
segment LED, the timer 


steps off the minutes begin¬ 
ning with zero. 

Many ID timers provide 
only an audio and/or visual 
signal when eight or nine 
minutes have passed. Using 
this type of timer, the radio 
operator never knows how 
much time has elapsed un¬ 
til the signal sounds. I 
found myself identifying 
too often because I was 
never sure when the 10-min- 
ute mark would come. 



Photo B. Front panel and cabinet for the ID timer. 






p 


To solve the problem, I 
began with a basic timing 
circuit using three ICs plus 
the seven-segment LED I 
added two push-button 
switches, one to restart the 
timer after identifying and 
one to reset the numeral on 
the LED 

The 555 timer is controlled 
by R1. a 1-meg pot. The 
circuit can be set to time 
anything from seconds to 
hours In this case, ob¬ 
viously, it is adjusted to pro¬ 
vide one timing pulse per 
minute 

Opening S2. a normally- 
closed momentary-contact 
switch, causes the resetting 
pins on the 7490 to go high 
This resets the LED to the 
numeral nine. S3, a normal- 
ly-open momentary-contact 
switch, is then closed. This 
shorts R1, causing the 555 to 
pulse, beginning a new tim¬ 
ing period and by the way 
causing the LED to pulse to 
zero. 

After turning on the timer, 


operation is as simple as 
one-two. Simply push S2, 
then S3, to begin at zero. If 
you identify before the 10 
minutes have completely 
elasped, simply give it the 
one-two again and the timer 
is back to zero and counting 
a full minute. 

All parts for the LED ID 
timer are readily available 
from Radio Shack. Many 
parts are probably in any 
well-stocked junk box, but 
even if purchased new, the 
timer will cost less than $10. 
It can be housed in any suit¬ 


able enclosure I used a 
small, steel-topped cabinet 
because I wanted to impress 
my wife, but the extra ex¬ 
pense of the cabinet is not 
necessary 

The circuit is extremely 
simple and is an ideal proj¬ 
ect for the beginner, but one 
note of caution is in order I 
suggest the use of 1C sockets 
for mounting the three ICs 
and the LED, instead of sol¬ 
dering them directly to the 
circuit board. The entire 
project can be assembled 
before the ICs are installed, 



Parts List 

Cl 

100 uF 

IC1 

555 timer 

IC2 

7490 

IC3 

7447 

R1 

1 megohm pot 

R2 

Ik 

R3-R9 

330 Ohm 

SI 

SPST toggle 

S2 

normally-closed 

momentary 

S3 

normal iy-o pen 
momentary 

LED 

7-segment 
common anode 


reducing the risk of damag¬ 
ing them in the process. The 
sockets also allow easy re¬ 
placement for trouble¬ 
shooting. 

My LED ID timer now sits 
beside my rig, faithfully 
ticking off the minutes and 
saving a lot of unneces¬ 
sary callsign transmissions 
Now, if I could just get 
my wife to stop borrow¬ 
ing the thing to time her dai¬ 
ly exercises. . . ■ 


CES INTRODUCES THE 
NEW 510SA “SMART PATCH” 

The State of the Art Simplex Interconnect 

Comrnuiiir.itiom, Electronics Specialhe*. lutioducos Hit 1 (T S blOSA 







I he 5I0SA the newest advance in interconnect technology, from the innovators at: 

Communications Electronics Specialties, Inc. 

Post Office Box 507 • Winter Park, Florida 32790 

(305) 645-0474 • Toll-free (for orders only): (800) 327-9956 -*„• 













Peter S. Carr WB3BQO 
329 Little Avenue 
Ridgway PA 15853 


The Secret of Remote Control 

Inside those miniature planes lie some sophisticated circuits. 


T he Field House falls 
quiet as the pilot winds 
up the rubber-band motor 
of his scale model of the 
Porterfield Collegiate. The 
plane, which is made of 
lightweight balsa and cov¬ 
ered with tissue paper, is 
held against the pull of the 
motor by a helper. Then, 
with the controls checked, 
the pilot gently tosses the 
plane toward the far end of 
the basketball court and 
steers the plane as it climbs. 
The pilot guides the Porter¬ 
field around the ceiling lights 
and basketball backboards 
until the motor winds down 
and the plane lands on the 
floor. 

The pilot, a member of the 
State College, Pennsylvania, 


Radio Control Club, is an 
amateur who reworked his 
Heathkit® radio to reduce its 
size and weight to fit inside 
the small Porterfield. By 
removing the receiver case 
and using hearing-aid bat¬ 
teries and special small ser¬ 
vos, he was able to make a 
flying machine small enough 
to fly wel I inside the confines 
of an indoor basketball 
court. 

At the other end of the 
spectrum is the PennFli, an 
original design of a radio 
control (R/C) pilot from In¬ 
diana, Pennsylvania. The air¬ 
craft has a fourteen-foot 
wingspan and weighs over 
five pounds. In the warm air 
of summer, this plane can 
climb to heights of more 


than a quarter mile and fly 
over an hour without land¬ 
ing. It uses warm air up-drafts 
to stay aloft without a motor 
and its flight time is limited 
by the size of the batteries on 
board. 

The Porterfield and the 
PennFli, for all their differ¬ 
ences in size and weight, 
share a common guidance- 
system principle. It's called 
serial digital data transmis¬ 
sion and it links the pilot's 
hands to the steering con¬ 
trols of the aircraft he's 
flying. 

In Fig. 1, the scope trace 
shows that a timing or clock 
pulse initializes the se¬ 
quence by turning on the de¬ 
coder chain in the aircraft 


receiver. The next pulse in 
the series is a data pulse of 
between one and two milli¬ 
seconds duration, the width 
of which is controlled by a 
joystick on the transmitter. 
The length of the pulse de¬ 
termines what position the 
servo arm will take. A push- 
rod connected between the 
arm and a control surface, in 
this case the rudder, links 
the servo to its workload. 
The receiver detects the 
transmitter's signal, decodes 
the serial data, and routes 
the proper pulse to each ser¬ 
vo. In the servo, the pulse is 
compared to another from 
the onboard circuits, a func¬ 
tion of where the servo arm 
is positioned. The error dif- 



The PennFli, an unlimited class sailplane of fourteen-foot 
wingspan, weighs about five pounds. Made of balsa and 
plywood, the plane is covered with a plastic film which 
shrinks and sticks to the wood when heated with a common 
clothes iron. Controls are rudder, elevator, spoiler (airbrakes), 
and releasable tow hook. 


A one-fourth full-sized model of a WWII lighter is started up. 
Constructed of balsa, plywood, and thin aluminum and 
covered with fabric, the plane uses a chain-saw engine and 
two-cycle mix fuel for power. A four-channel R/C rig controls 
ailerons, rudder, elevator, and engine speed. 
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The tiny Porterfield at rest. The model is made from a $5.00 A one-inch-per-foot scale model of a Porterfield Collegiate is 
free-flight kit of thin balsa strips covered with lightweight powered up. A small hand drill and hook are used to wind up 
tissue paper and lightly sprayed with model paint. the large rubber band to full power. 


ference of the two pulses is 
translated into action 
through a small dc motor 
similar to those used as au¬ 
tomatic film-winders in 
cameras. Through a gear 
train, the motor moves the 
output arm and also a vari¬ 
able resistor which sets the 
length of the onboard pulse. 
When the error ratio of the 
two pulses is zero, the servo 
output arm and control sur¬ 
face to which it is connected 
are in the position called for 
by the pilot and transmitter. 
The pulse rate is fast enough 
so that the net effect is 
smooth movement of the 
controls and realistic ma¬ 
neuvering of the plane. 

Were all this taking place 
on the ground where condi¬ 
tions were constant, R/C 
control would be a fairly 
simple system. By installing 
half the control system in an 
aircraft which at launch is 
mere inches from the trans¬ 
mitter, then flying the plane 
so high and far that it looks 
like a dot in the sky, using 
simply a length of hookup 
wire for an antenna, a very 
special receiver is needed to 
maintain constant control. 
As the radio is amplitude- 
modulated, static or other 
electrical noise could blank 
or change the length of one 
or more data pulses causing 
steering problems and possi¬ 
bly a crash. A 500-milliwatt 
rf signal from the transmit¬ 


ter is hot enough to provide 
solid contact out to over a 
mile depending on the alti¬ 
tude of the aircraft. The re¬ 
ceiver is usually triple-tuned 
at its antenna circuit for ad¬ 
jacent channel rejection 
while a double-stage age cir¬ 
cuit holds the signal from 
the single-conversion i-f strip 
constant no matter how 
much rf is picked up by the 
antenna. 

All this is performed by a 
receiver board about the 
size of a pack of book 
matches. The decoder 
board is the same small size 
and is wired to take power 
and audio signal output 
from the receiver. The long 
clock pulse sets the time se¬ 


quence for the decoder and 
helps it to disregard stray 
noise which does not occur 
in the proper or expected 
time frame. The clock also 
tells the decoder which of 
the following data pulses 
are to be routed to the in¬ 
dividual servos. The clock 
does not leave the decoder 
board while all the follow¬ 
ing data pulses are fed to 
their respective servos. 

Most systems today are 
powered by nickel-cadmi¬ 
um rechargeable batteries 
in both the transmitter and 
the airborne unit. Airborne 
battery voltage is normally 
4.8 volts from four 500-mAh 
AA-size batteries wired in 
series. The transmitter uses 


9.6 volts from eight batteries 
of the same size and rating 
as the airborne pack. For air¬ 
craft which are V* -size scale 
models of full-size planes 
and have six or eight con¬ 
trols under R/C command, 
D-cell-size nicad batteries 
are needed to handle the 
high net current draw. The 
added weight of the big 
pack is also helpful in bal¬ 
ancing the model for stable 
flight 

While most R/C systems 
are factory built, Heathkit 
and Ace R/C, Inc., both offer 
full lines of radios in kit 
form. As mentioned earlier, 
the small size and high parts 
density of the receiver and 
servos make the building 
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task somewhat more critical 
than wiring an HW-101, 
While it does call tor some 
high-grade construction 
skills, most any amateur 
with some bench time will 
have no trouble assembling 
kits from either of these ven¬ 
dors. Both offer operating 
frequencies in the six-meter 
band where few interfering 
signals exist and where there 
is no crowding, as up in the 
72-MHz CB band While 
there is no mode restriction 
for R/C in the amateur 
bands, only Kraft Systems, 
Inc., offers an FM-type R/C 
rig; it is only available fac¬ 
tory built In high rf noise ap¬ 
plications such as R/C model 
helicopters, an FM radio 
with its higher immunity to 
static would be a good 
choice. In most other types 
of models, the AM type of 
modulation is very reliable 
Equally as important as 
the system's electrical speci¬ 
fications is its ability to take 
physical punishment and be 
reliable Whether the air¬ 


craft has a large or small en¬ 
gine, each will vibrate the 
R/C to some degree. If com¬ 
ponents on the receiver or 
servo circuit boards aren't 
mounted close to the board 
and well soldered, vibration 
will get them sooner or later. 
Even gliders, which have no 
engine, are battered in the 
landing zone as they have 
only thin rubber skids on the 
bottom of the fuselage. The 
quality of workmanship is 
very important in R/C rig 
construction, since almost 
any circuit failure would 
cause the plane to crash. 

Once an R/C system is 
built, it can be modified to 
"fly" many different types 
of models Miniature repli¬ 
cas of ocean-going sailboats 
can be raced in a pond or 
swimming pool using spe¬ 
cially waterproofed gear. 
Even submarines which 
have the ability to submerge 
are available as R/C model 
kits. The hottest Formula 
and Indy-type race cars are 
built from kits and raced us¬ 


ing two-channel radios and 
either electric motors or 
glow-type model engines 
New military tank models 
have come out which will 
climb obstacles, go forward, 
reverse, go left and right, 
and swing the turret cannon. 
Flelicopters fly in scale 
fashion in competition by 
carrying cargo or flying in 
formation or firing small 
solid-fuel rockets at targets 

By far the most popular 
are the scale models of 
World War II military air¬ 
craft, With the reliable ra¬ 
dios available today, any¬ 
one can pilot the model of 
his favorite plane and enjoy 
the thrill of flying the old 
war birds. 

Adapting the radio sys¬ 
tem to function in any of 
these models will allow the 
amateur to use the same rig 
in several models. In some 
cases, extra receivers and 
servos are built for installa¬ 
tion in models and operated 
from a common transmitter 
so that two or more planes 


can be flown without having 
to field-change radios from 
one model to another 
Since there are few of us 
who can afford to own a 
Mustang fighter or a B-29 
Superfort, a model of these 
planes is more practical. 
From biplanes to the space 
shuttle, R/C radios allow us 
to build and fly the most ex¬ 
otic flying machines safely 
and reliably Imagination is 
the only limiting factor in 
choosing which model to 
operate, and amateur skills 
at the workbench make the 
radios as inexpensive as they 
are reliable ■ 


Kit Manufacturers 

Heath Company 
Benton Harbor Ml 49022 

Ace RfC, Inc. 

Box 511. 116 W. 19th St. 
Higginsville MO 64037 

Kraft Sytems, Inc. 

Box 1268 
Vista CA 92083 


TRADE IN YOUR OLD RTTY TU 
FOR A NEW FLESHER TU-470 


The Flesher Corporation dares to make an offer you can’t refuse. Now you can move up to a high quality RTTY 
terminal unit without throwing away money you have already invested. Your present name brand RTTY terminal 
unit is worth up to full retail value* when you trade up to a Flesher TU-470 priced at $499,95. Most RTTY/CW 
software works with the TU-470 without modification. So while the offer lasts, call our toll free number for more 
information and a no-obligation estimate of your trade-in value. But act soon; this offer won’t last long. 


•LIMITED TO $200.00 



Here are just a few of the many fine features the TU-470 offers: 

• TTL & RS-232c compatible I/O for computer remote control • RTTY 
communication rates up to 300 baud • Two tone RTTY detection with six 
pole active filters • Three popular RTTY shifts • Built-in 20 or 60 mA loop 

• Signal balance circuit for single tone detection • Threshold control • 
Anti-space • Mark hold • Scope outputs • Independent reverse shift con¬ 
trols for REC and XMIT, • Six pole active filter CW demodulator • 
Remote controlled bi-polar keying outputs for CW and PTT. 


SUGGESTED RETAIL 
PRICE ONLY $499.95 
(Add $4.50 for UPS 
shipping and handling in 
U.S.A. plus $1.75 for all 
COD orders. 


Visa, Mastercard. COD, or 


© 


Flesher Corporation 

507 Jackson • P.O. Box 976 • Topeka, Kansas 66601 - 23 

For more information and sales CALL 1-800-HAM-RTTY 
For service and technical CALL 1-913-234-0198 
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Calculate Your FT-101 

Here's how to treat your trusty FT-101 to a truly automatic 
digital display and get a frequency counter in the same box — 
at the flick of a switch. 


D. N. Ellis VK8DE 
57 Memorial Avenue 
Alice Springs, N. T. 5750 
Australia 


T he FT-101 series of HF 
transceivers has been 
one of the most popular in 
amateur radio history. One 
lingering criticism of the 
models through the "E" 


series, however, was the 
lack of a true calculating 
digital display. While Yaesu 
did offer the YO-601 digital 
display, it counted only the 
vfo and required operator 



Photo A. Front view. Note that many ventilation holes were drilled oversize for more effec¬ 
tive convection cooling of the internally-mounted LM323K voltage regulator and heat sink 
(photo by R. Campbell). 
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adjustment for correct fre¬ 
quency display with any 
band or mode changes. 

The "VK8DE Calculating 
FT-101 Display" is a "hands- 
off" calculating counter giv¬ 
ing true zero-beat frequency 
readout on all modes and 
bands. It is inexpensive and 
straightforward to build and 
requires only a simple 
passive interface to the 
FT-101. It can also serve as a 
50-MHz bench frequency 
counter, and also sports a 
switchable calibration out¬ 
put signal. The implementa¬ 
tion used is LSTTL (Low- 
power Schottky), available 
worldwide at low cost. An 
accurate, automatic digital 
display is a necessity on the 
crowded bands, and this 
project is a convenient and 
economical upgrade for 
FT-101 owners. 

The counter performs the 
following frequency calcu¬ 
lation formula according to 
the FT-101 oscillator mixing 
scheme: F = bfo + LO - 
vfo, where F = the displayed 
frequency, bto = mode- 
switched Beat Frequency- 
Oscillator (LSB, USB, and 



CW/AM), LO = band- 
switched Local Oscillator (1 
crystal per band), and vfo = 
dial-tuned Variable Fre¬ 
quency Oscillator. 

General Description 

Reference to the block 
diagram of Fig. 1 will be 
helpful for a general de¬ 
scription. The three oscil¬ 
lator signals are routed from 
the FT-101 external vfo octal 
socket (J13) on three pre¬ 
viously unused pins through 
coax to the display box. 

Isolation amplifiers buff¬ 
er the signals and then per¬ 
form a TTL level conversion 
for the digital processing. A 
crystal-referenced oscillator 
feeding a decade divider 
chain provides necessary 
timing for the control sec¬ 
tion. The control section di¬ 
rects up-down counters to 
follow the frequency deter¬ 
mination formula and final¬ 
ly to store and display the in¬ 
formation in 7-LED numeri¬ 
cal displays. The FAST / 
SLOW switch offers the 
operator a choice between 
80- or 800-ms-display up¬ 
dates with 100- and 10-Hz 
resolution, respectively. 

The FT-101/extemal switch 
allows the unit to function 
as a normal frequency count¬ 
er using the LO jack as the 
input source. The bfo-detect 
circuit is used to provide a 
preset substitute value in 
the absence of bfo signal, 
such as in AM receive mode. 
This feature also gives zero- 
beat CW frequency when 
the FT-101 mode switch is 
moved from CW to AM. The 
"normal" CW presentation 
is offset low by 800 Hz if 
tuned properly, which hap¬ 
pens to be the difference be¬ 
tween the FT-101's USB oscil¬ 
lator of 3.1785 MHz (used in 
CW receive) and the CW/AM 
oscillator of 3.1793 MHz 
(used in CW/AM transmit). A 
regulated + 5-volt source 
supplies the necessary power 
for the counter, displays, 
and isolation amplifiers. 

Circuit Details 

References to the timing 
diagram (Fig. 2), and the four 



sections of the schematic 
(Figs. 3, 4, 5, and 6) will be 
made in this section. Fig. 3 
shows the raw analog bfo, 
LO, and vfo cables routed to 
the BNC jacks J1, 2, and 3, 
respectively. With the ex¬ 
ception of a single input 
resistor change in the bfo 
isolation amplifier, the three 
buffer-converters are iden¬ 
tical. One description will, 
therefore, serve for the three 
circuits. 

Because of the JFET in¬ 
put and the 1-megohm bias 
resistors, each of these am¬ 
plifier's input impedance is 
essentially the value of the 
input resistor. For high sen¬ 
sitivity it is 1000 Ohms for 
the LO and vfo, and 10,000 
Ohms for the bfo. These im¬ 
pedances do not appreci¬ 
ably load the oscillator sig¬ 
nals with 1-meter connect¬ 
ing lengths of RG-174/U 
coax from the FT-101. 

The JFET then feeds an 
NPN driver which emitter- 
couples via a large value ca¬ 
pacitor to a linearly-biased 
74LS04. The 1C wired in this 


manner, as a dc-coupled 
multistaged amplifier, pro¬ 
duces a TTL level (HIGH 
> 2.7 V, LOW < .8 V) pulse 
output from the sinusoidal 
input. This cheap but utili¬ 
tarian dc 50-MHz analog-to- 
TTL amplifier has been used 
so often by so many that it 
must nearly be "public do¬ 
main." 

Fig. 4 shows the bfo, LO, 
and vfo TTL signals as inputs 
to the timing and control 
section. In order to guar¬ 
antee the successful use of 
low-cost LSTTL, the signals 
are each prescaled (divided) 
by a factor of 2. This forces 
the maximum LO input of 
35.52 MHz (used in the 29.5- 
30-MHz band of the FT-101) 
to a value of 17.76 MHz 
after passing through U8, a 
74S74 flip-flop. 

The guaranteed specifica¬ 
tion of 30 MHz for a 74LS74 
flip-flop, or for that matter, 
the 74LS192 up/down count¬ 
ers, is thereby never tested. 
The penalty for prescaling 
by two is a corresponding 
extension of the counting 
time by the same factor. 


The control-section ac¬ 
tivity is directed by a four- 
state counter made up of 
U18, a 74LS74. Besides 
creating a specific counting 
interval for the bfo, LO, and 
vfo, the state counter pro¬ 
vides a fourth interval to dis¬ 
play the resultant frequency 
calculation and then pre¬ 
pare the machine for 
another cycle. The timing 
diagram of Fig. 2 shows the 
succession of these states 
and the ensuing events. The 
state names of 00,10,11, and 
01 are derived from the suc¬ 
cessive logical conditions of 
U18 pins 5 and 9, called Q A 
and Q b . The 1-MHz crystal 
oscillator of U6 is divided 
down to provide a contin¬ 
uous stream of state clock 
pulses as shown in Fig. 2. 

Three state clock pulses 
cause the machine to count 
up the bfo, count up the LO, 
and count down the vfo, or 
add, add, and subtract, in 
accordance with the F = bfo 
+ LO —vfo equation. The 
fourth state, called 01, 
causes a LATCH command 
to store the frequency value 



Fig 2. Timing diagram. 
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Fig. 3. Isolation amplifiers/TTL converters. 


for dis play viewing and a 
LOAD pulse to prepare the 
74LS192 up/down counters 
for the next display cycle. A 
bfo-detect interval is also 
defined that will determine 
whether the counter chips 
are to be loaded with zero or 
whether, in the absence of a 
bfo signal, the preset value 
of 031793 (the CW/AM oscil¬ 
lator frequency) is substi¬ 
tuted for the bfo 

The two UP clock signals 
(bfo and LO) are multiplexed 
by U15, a 74LS158 The Q A 
(U18-5) line selects the bfo 


when Q A is a logical 0 (less 
than 8 volts), and the LO sig¬ 
nal when it's a logical 1 (at 
least 2.7 volts) D uring the 
vfo (11) and Latch/Load (01) 
states, U15 is disabled, pro¬ 
ducing a solid logical 1 out¬ 
put. The vfo flip-flop, U9, is 
similarly disabled durin g the 
bfo, LO, and Latch/Load 
states. This action was nec¬ 
essary to properly condi¬ 
tion the 74LS192 counters 
for up/down counting Thus, 
for UP counting of the bfo 
and LO, the DOWN line is 
disabled, and during DOWN 


counting, the UP line is dis¬ 
abled. 

The occurrence of the 01 
state produces the LATCH 
command at U16-8, which 
stores the counter bits into 
74LS175 quad flip-flops. U17 
is the bfo detector, and if 
bfo activity was present dur¬ 
ing the bfo-detect interval, 
U17-8 will go to a logical 1, 
disabling U3. The disabled 
outputs of U3 will be all 
zeros and will be jammed 
into the 74LS192 counters 
(U22 th rough U28) when the 
LOAD pulse occurs later in 


Display 

Digit 

74LS192 

Counter 

D (pin 9) 

Fast/Slow* 

BCD Input 

C (pin 10) B (pin 1) 

A (pin 15) 

Decimal 

7 

U28 

0/0 

010 

0 10 

0/0 

0/0 

6 

U27 

0/0 

010 

0/1 

0/1 

0/3 

5 

U26 

0 10 

0/0 

1/0 

1/1 

3/1 

4 

U25 

010 

0/1 

0/1 

1/1 

1/7 

3 

U24 

0/1 

1/0 

1/0 

1/1 

7/9 

2 

U23 

1/0 

010 

0/1 

1/1 

9/3 

1 

U22 

010 

010 

1/0 

1/0 

3 10 


‘Preset value: Fast: 0031793; Slow: 0317930. Above inputs are active when no bto signal is present and 
counter is in FT-101 display mode. All counter-preset inputs are zero when in EXTERNAL mode, or when 
a bfo signal is present in FT-101 mode. 


Table 1. Preset counter bit values. 
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the 01 interval. U17 is en¬ 
abled only during the Latch 
interval (01 state) and, 
because of U10, only when 
the machine is in the FT-101 
display mode. The extra U16 
gates are used as a delay to 
ensure U3 output s tability 
during activity of the LOAD 
signal. 

The presence of two dis¬ 
play times, together with the 
bfo-detection concept, was 
responsible for the inclusion 
of U3 and its strangely- 
named outputs Table 1 
shows how U3 (when wired 
as shown in the schematic) 
will (when no bfo signal has 
been detected) inject into 
the seven 74LS192 counters 
the value 0031793 when in 
the FAST mode (80-ms dis¬ 
play update), and 0317930 
when in the SLOW mode 
(800-ms update). 

Fig. 4 shows the 74LS192s, 
the 74LS175 storage flip- 
flops, the 74LS247 decoder- 
drivers, current-limiting re¬ 
sistors, and common-anode 
right-hand decimal-point 
displays. The direct-drive 
approach was chosen to 
minimize the chance of 
display-driver RFI, which of¬ 
ten is an unwanted result of 
the more efficient method 
of display-digit multiplex¬ 
ing. 

Two decimal points are lit 
for each display mode: one 
to distinguish megahertz 
from kilohertz and one to 
separate kilohertz from 
Hertz. The FAST position il¬ 
luminates decimal points on 
digits 5 and 2 while the 
SLOW setting drives digits 6 
and 3. The decimal point 
switching and driving derive 
from a gate of U1 and an 
open collector-inverter, U2. 
The seven digits plus the 
four decimal points require 
53 180-Ohm, W-W resistors. 
The displays are 8mm red 
5082-7731 units, but any com¬ 
mon-anode right-hand deci¬ 
mal-point displays will work. 

Fig. 6 shows the power 
supply. An LM323K in a 
15-Watt heat sink is ample 
for the maximum 2.1-Am¬ 
pere current requirement. 
About 1.5 Amps is used by 














Fig 4. Timing and control schematic. 


the display during a lamp 
test, when all digits show 
eights. A 15-V center-tapped, 
3-Amp transformer in a full- 
wave configuration was used. 
The ac primary is double¬ 
pole switched and fused for 
safety. A single-point ground 
system was employed to 
minimize the chances of 
ground loops. 

The time base for the proj¬ 
ect is conventionally imple¬ 
mented from a 1-MHz TTL 
crystal oscillator (U6) and a 
cascaded string of 74LS90 
decade dividers. U14 is 
wired as a 1-of-2 selector to 
change the frequency of 
final divider Ull's outputs 
by a factor of 10 for the 
FAST/SLOW display presen¬ 
tation. An unused portion of 
U9 divides the 1-MHz oscil¬ 
lator signal by 2, then a 


remaining U6 gate buffers it switch is activated, a 500- 
and feeds a CRC differentia- kHz harmonically rich sig- 
tion network. When the CAL nal is routed to the J4 



Photo B. Rear view. Shown are the FT-101 inputs, the 500-kHz 
CAL output, and the operating controls. For frequency 
counter use, the toggle switch is set to EXT and the signal of 
interest connected to the LO/EXT input (photo by R. Camp¬ 
bell). 
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output jack. This easily al¬ 
lows band-edge checks and 
frequency station-standard 
checks against WWV, JJY, 
CHU, etc. 

Construction 
and Checkout 

The project was built in 
stages. The FT-101 interface 
was wired first. Many thanks 
to KH6BK (March, 1977, 
QST) for this simple but ef¬ 
fective method of accessing 
the three FT-101 oscillator 
signals. 

FT-101 interface instruc¬ 
tions: The objective is to 
capacitively couple the bfo, 
LO, and vfo via small sec¬ 
tions of RG-174/U coax 
routed through the under¬ 
side of the chassis to the vfo 
accessory socket (J13) at 
pins 3, 7, and 2, respectively. 


















UP7DOAN COUNTERS LATCHES 7-SEGMENT COMMON ANODE 

DECODER DRIVERS RHDP DISPLAYS 



Fig. 5. Up/down counters and display schematic. 



Fig. 6. Power supply. 


The shields will be soldered 
to J13, pin 8. Dress and tin 
the leads for neatness. 

(1) Bfo: Prepare a suitable 
length of coax and solder 
the inner conductor to one 
side of a .01-pF capacitor. 
Solder the other end of the 
capacitor to pin 6 of PB 
1184A connector. Solder the 
shield to pin 7 (gnd). Route 
the cable to the octal vfo 
socket and solder the inner 
conductor to pin 3. Solder 
the shield to pin 8. 

(2) LO: Prepare a length of 
coax and solder the inner 
conductor of one end direct¬ 
ly to pin 15 of the PC con¬ 
nector for PB 1181 A. Solder 
the shield to pin 18 (gnd). 
After routing the cable back 
to the vfo socket, solder the 
inner conductor to pin 7 and 
the shield to pin 8. 

(3) Vfo: Prepare a length 
of coaxial cable. Solder the 
inner conductor to one end 
of a .01 -/iF capacitor. Solder 
the other end of the 
capacitor to pin 11 of the PC 
connector for PB 1180A 
(mixer). Solder the shield to 
pin 10. Route the cable to 
the vfo socket, soldering the 
inner conductor to pin 2 and 
the shield to pin 8 

(4) Remove PB 1181 A. 
Solder a .01 -pf capacitor 
between test point TP and 
pin 15. Replace PB1181A. 

The interface cable from 
the FT-101 to the VK8DE 
Calculating FT-101 Display 
consists of an octal plug, 
three equal sections of RG- 
174/U coax up to 1m in 
length, and three plugs. The 
plugs used in the prototype 
were BNC, but RCA shielded 
phono plugs would work. 
Prepare the plug ends of the 
cables, check for shorts, 
then solder the inner con¬ 
ductors to octal plug pins 2, 
3, and 7. Label the cable to 
pin 2 "VFO," the pin 3 cable 
"BFO," and the pin 7 cable 
"LO," and solder the three 
shields to pin 8. 

Plugging and unplugging 
the cabled octal plug at the 
external vfo socket will 
probably shift the receiver 
frequency a few Hertz. This 
is normal and merely re- 
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Part* List 

FT-101 Interface 

1 7406 

3 .01-mF disc capacitors 

1 74LS14 

3 45-cm pieces RG-174/U 

1 74S74 


1 74LS11 

1 Octal plug 

1 74LS08 

3 1m sections RG-174/U 


3 RG-174 BNC plugs 

6 74LS90 

7 74LS192 

Isolation Amplifiers 

7 74LS175 

3 Metal boxes 1 

7 74LS247 

3 5 x 2.5 cm fiberglass 

7 5082-7731 red CA 

pert board 


3 BNC chassis jacks 

2 Ikfl resistors 

1500 cm wire-wrap wire 

1 lOkS resistor 

Power Supply 

3 1 M resistors 

1 15 V CT @ 3 A 

3 4.7kQ resistors 

transformer 

3 1802 resistors 

2 1N5400 diodes 

3 560Q resistors 

1 .5-Amp fuse 

3 4702 resistors 

1 fuse holder 

3 15kQ resistors 

1 DPST switch 

6 1N914 diodes 

1 1000-mF @ 25-V 

3 MPF102 JFETs 

capacitor 

3 2N708 NPN 

1 10-(iF @ 6-V capacitor 

3 47fiF, 6-V capacitors 

1 15-Watt TO-3 heat sink 

3 74LS04 

1 LM323K 5-volt, 3-A 

3 14-pin solder-tail 1C 

regulator 

sockets 

2 .l-pF @ 50-V disc 

3 RCA phono jacks 

capacitors 

Counter Board 

1 3-wire accord 

1 1-MHz series-resonant 

Chassis 

crystal 

1 LMB CO-4A cabinet 

1 10-100-pF (nominal) 

1 9 cm x 2 cm red display 

ceramic trimmer cap 

bezel 

12 ,1-mF disc ceramic caps 

3 SPOT toggle switches 

3 RCA shielded phono 

1 rubber grommet for 

plugs 

power cord 

3 15 cm RG-174/U 

1 SPOT momentary 

1 2.2k, ’/4-W resistor 

switch 2 

53 1802,'A-W resistors 

1 1000, V«-W resistor 

2 1002,'/4-W resistors 

Mlsc. 

2 4702, '/4-W resistors 

4 3-cm metal standoffs 

2 160-pF caps 

4 2-cm metal standoffs 

1 20 cm x 12 cm glass 

4 i.5-cm metal standoffs 

epoxy board 2 

Screws, washers, bolts, 

31 16-pln DIP wire-wrap 

wires, hand tools, solder, 

sockets 

23 14-pin DIP wire-wrap 

etc. 

sockets 

1. About 7.5 cm x 4.5 cm x 

8 16-pin DIP component 

2 cm, similar to Bud 2100. 

carriers (headers) 

2. 2.54mm-spaced hole- 

1 74LS37 

drilled, similar to Vector 

1 74LS157 

84P44WE. 

1 74LS158 

3. Lamp testlpower-on-reset. 


fleets the small change in 
oscillator loading. 

The next step suggested is 
the construction of the three 
isolation amplifiers. Com¬ 
pact layout, either by 
printed-circuit etching or 
point-to-point wiring, is 
called for. A reasonable 
example layout for the 
amplifier from WA2FPT can 
be found in the September, 
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1982, 73, on page 44 

The three amplifiers were 
mounted in small metal 
boxes for shielding, with 
BNC inputs (J1, 2, and 3) and 
RCA phono-output jacks (J5, 
6, and 7). RCA phono con¬ 
nectors could be used in¬ 
stead of BNC jacks to save a 
couple of dollars. The boxes 
were positioned at the rear 
of the cabinet so that J1, J2, 



Fig. 7. Board options (component side). 


and J3 would protrude into 
the enclosed compartments. 

The board layout shown in 
Fig. 7 allows a choice of pack¬ 
aging. Using the single-board 
approach minimizes inter¬ 
connections between pieces 
but requires a larger cabinet 
and right-angle sockets for 
the display LEDs. Cutting the 
larger board into three small¬ 
er sections, as shown by dot¬ 
ted lines, allows for a more 
compact chassis but more 
board-to-board wires. The 
prototype employed the 
three-board approach, mainly 
for aesthetics. Either way will 
work. Liberal use of .1-jzF by¬ 
pass capacitors is recom¬ 
mended—about one to every 
four ICs. 

After the isolation ampli¬ 
fiers are built and working, 
the power supply should be 
built to allow checkout of 


the succeeding sections. 
Then the 1-MHz oscillator 
and decade divider chain 
can readily be wired. This 
prototype used wire-wrap- 
ping on a 2.54mm drilled 
fiberglass board (similar to 
the Vector 84P44WE), but it 
is not required. Years of 
home-brewing, however, point 
to a higher success rate with 
wire-wrapping despite the ex¬ 
tra cost Point-to-point con¬ 
struction would be somewhat 
cheaper and will definitely 
work but would probably re¬ 
quire a larger layout The 
choice is yours. 

Power and ground wires 
to all ICs should be wired 
next Use of a TTL data book 
is helpful, remembering that 
the wiring side is a mirror im¬ 
age of the component side. 

The control section was 
wrapped next, and the tim¬ 
ing diagram of Fig. 2 should 










be referenced for verifica¬ 
tion. Access to a dual-trace- 
triggered sweep oscillo¬ 
scope would be extremely 
helpful if substantial trouble- 
shooting is anticipated (or 
necessary!). The last section 
connected is circuitry from 
Fig 5, consisting of the 
74LS192 up/down counters. 
74LS175 latches, 74LS247 
decoder drivers, the 180- 
Ohm resistors, and the dis¬ 
plays The front of the pro¬ 
totype contains only the 
display bezel to emphasize 
the "hands-off" design con¬ 
cept. The FAST/SLOW switch 
is a long "bat handle" type 
on the upper-rear center pan¬ 
el that is easily accessed by a 
finger flick For even easier 
access, it could as readily 
mount on the front, centered 
beneath the display. 

Operational checks are 
made by watching the dis¬ 
play as the FT-101 is tuned. 
Upon the application of 
power, the display will brief¬ 
ly flash all 8s. When display¬ 


ing frequency, the last digit 
will be plus or minus a digit, 
and will change at either the 
80-ms fast rate, or every 800 
ms, the slow rate. The 80-ms 
(12.5 Hz) updates will track 
any tuning rate generated 
by human hands. Moving 
the FT-101/EXT switch to the 
EXT position with the unit 
cabled to the FT-101 will 
display the particular LO 
crystal-oscillator frequency. 

The bfo-detect circuit is 
checked by noting the dif¬ 
ference in frequency as the 
FT-101 is switched from CW 
to AM. The AM position 
should read about 800 Flz 
higher than the CW display. 
When the CAL signal is input 
into the LO/EXT jack (J2) and 
the EXT switch activated, 
the counter should read ex¬ 
actly 500.00 in the SLOW 
position, and .500.00 in the 
FAST position. A short wire 
inserted into the CAL jack 
(J4) and placed near the 
FT-101 antenna input will 
couple the CAL signal into 


the FT-101, allowing band- 
edge checks. The 1-MHz os¬ 
cillator can be trimmed 
against WWV in this 
manner. 

Although any suitable¬ 
sized, well-ventilated metal 
cabinet could be used to 
house the display counter, 
those in the LMB CO series 
of two-tone gray cabinets 
are particularly appealing 
The prototype is housed in 
the CO-4A model (20 x 18 X 
10cm) which required care¬ 
ful, dense packaging This 
line of cabinetry has a con¬ 
venient sub-chassis that 
allows all tFie ac wiring to lie 
under the subchassis plate. 
A source for LMB cabinets is 
TrFTek.Inc., 7808 N 27th 
Ave., Phoenix AZ 85021 

The VK8DE Calculating 
FT-101 Display can be built 
from all-new purchased 
parts for about US$100 A 
little scavenging can reduce 
that figure substantially, 
however Areas of cost re¬ 
duction are cabinetry and 


point-to-point wiring to 
avoid wire-wrap construc¬ 
tion. 

The project was con¬ 
ceived, designed, and built 
sporadically over a two-year 
period, allowing for some 
circuit refinement, and, 
admittedly, for economical 
parts acquisition. An 'as- 
built'' parts list appears in 
the box. My only regret is 
that it was not built sooner 

A display counter such as 
this one is well worth the 
effort for the home-brewing 
FT-101 owner Variations on 
the conventional design 
themes used are quite feasi¬ 
ble and are to be encouraged 
for the adventurous experi¬ 
menter. 

As the one and two "kilo- 
buck" price barriers are reg¬ 
ularly burst by new HF trans¬ 
ceivers, investing a modest 
sum and a little work to 
modernize the venerable 
FT-101 seems a rather attrac¬ 
tive alternative. 

Flappy digitizing!! 


TUCSON AMATCUA PACKCT AADIO 

Complete 
Pocket 
Radio 
Controller 
Kitl 




ALL NEW H.F. 10/160 METER 
SOLID STATE P.L.L. TRANSCEIVER 



Model 10/160 M 


USB-LSB 

4 Memories 
3 Way Auto-Scan 
Includes New Bands 
3-Step Tuning Speed 
IF Tune + 1 KHZ 
Built-in Dual VFO 
Narrow CW filter optional 


CW-W CW-N 
200 W. PEP(160M-12M) 
100 W. PEP(IOM) 
Built-in Power Supply 
AC-120 VAC 
DC-13.8 V Ground 
External ALC & Relay 
RTTY, FAX, ASCII 



JUST SLIGHTLY AHEAD 


1275 N. GROVE ST. 
ANAHEIM, CA 92806 

Cable: NATCOLGLZ 


TO ORDER OR 
DLR INFO. CALL 

(714) 630-4541 
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Strictly for FM Deviates 

Ever wonder how the modulation is on your FM rig? 
Try this simple deviation meter and find out. 


Rudoli I Six KASOBL 
30725 Tennessee 

U nlike AM-SSB, FM 
modulation monitoring 
on most rigs simply is not 
available It's unusual to see 
audio-modulated transmit¬ 
ters without some indicator 
to monitor modulation. The 
opposite is true of FM trans¬ 
ceivers The only indication 


that your talk power is too 
high is distortion at the re¬ 
ceiving end 

The FM deviation meter I 
built can be used for moni¬ 
toring modulation, frequen¬ 
cy offset between transmit¬ 
ters, etc Its most attractive 
features pay off when, in 
conjunction with an audio¬ 
frequency generator, the 
transmitter is bench-checked 
for equal deviation on 


both sides of the carrier, 
maximum deviation, and 
audio distortion 

Amateur FM uses narrow- 
band FM, ±5 kHz maxi¬ 
mum deviation from the 
carrier The instrument can 
measure ±10 kHz deviation 
at 146.52 MHz, the common 
direct 2-meter frequency. An 
audio output with 750-psec 
de-emphasis is available for 
scope monitoring. Most parts 



Photo A. Two-meter FM deviation meter. 


are available from Radio 
Shack, coils and variable 
cap were purchased from 
Radio Kit, and the crystal 
from Sentry Manufacturing 

The heart of the deviation 
meter is a 565 PLL FM de¬ 
modulator listed as having a 
high linearity of demodulat¬ 
ed output (0.2%). Calibra¬ 
tion proved this out, better 
than 1% at the meter. The 
circuit uses the heterodyne 
method. A crystal-controlled 
local oscillator beats with 
the incoming signal and the 
resulting lower frequency 
FM is demodulated by the 
phase-locked loop. After fil¬ 
tering, a peak detector dis¬ 
plays the maximum positive 
or negative frequency excur¬ 
sion of the incoming signal 

How It Works 

The internal frequency 
generator starts with FET lo¬ 
cal oscillator Q2 at 14655 
MHz. The ouput tank circuit 
is tuned to the 5th harmonic, 
it drives doubler circuit Q1 
The output is thus 146.55 
MHz. The incoming signal 
with a carrier of 146.52 MHz 
and the local oscillator are 
lightly coupled into the mix¬ 
ing diode, D1, resulting in a 
beat frequency of 30 kHz 
This signal has the modula¬ 
tion of the incoming signal 
To minimize capacitive 
loading of the diode, the sig¬ 
nal first goes through high- 
frequency choke L5 and 
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Fig 1. Cable connectors. 


then low-pass filter L6-C24. 
Amplifier Q3 boosts the sig¬ 
nal approximately 10 times. 

The 565 PLL has a voltage- 
controlled oscillator center- 
tuned to 30 kHz with 
C16-R13-R14 Basically, the 
incoming signal is compared 
with this oscillator and a dc 
voltage is generated which 
is directly proportional to 
the frequency of the input 
signal As the input frequen¬ 
cy shifts, it is this output sig¬ 
nal which causes the vco to 
shift its frequency to match 
that of the input. The peak 
voltage occurs at peak fre¬ 
quency deviation. 

This demodulated audio 
signal is available at pin 7 of 
ID and is connected to the 
low-pass filter and to the au¬ 
dio output jack through de¬ 
emphasis network R15-C21. 
Low-pass filter IC2a filters 
some 30 kHz noise generat¬ 
ed within the PLL. The peak¬ 
detecting circuit, IC2b, 
charges C23 to either the 
positive or negative peak, 
selectable with switch SI 
Ml essentially shows the 
peak voltage across C23. 

The null mode of SI is used 


for adjusting the difference 
between the unmodulated 
carrier and local oscillator 
to 30 kHz. The output volt¬ 
age from the PLL at pin 7 is a 
dc voltage since there is no 
modulation. Amplifiers IC2a 
and IC2b works as straight¬ 
forward dc amplifiers and 
Ml is calibrated at 30 kHz 
for zero reading with R16, an 
offset potentiometer. Dur¬ 
ing use, zero adjust is made 
by changing the local oscil¬ 
lator frequency with C9, the 
null control. 

Construction 

A 7"X5"X3" aluminum 
box is used for the enclosure. 
The oscillator is mounted on 
a separate board and is 
shielded from the rest of the 
circuitry. Feedthrough ca¬ 
pacitors for power to the os¬ 
cillator and the PLL input 
signal are used to prevent rf 
leakage The shielding ex¬ 
tends wall to wall of the en¬ 
closure; slits were filed in 
the box lip to let the shields 
slide through. Both oscilla¬ 
tor coils were close-wound 
with #22 enamel wire. The 
top of the coil connects to 


the collector and the bot¬ 
tom end to the power supply. 
Tuned-circuit caps should 
be temperature-stable NPO 
discs or silver micas and are 
mounted at the coil with the 
shortest leads possible. The 
rest of the parts are mounted 
thorough the perfboard, bent 
over and soldered. The com¬ 
plete oscillator mounts on a 
1.5" x 1.75" surface with 
’/< " long spacers. 

The mixing diode, D1, is 
mounted right behind the 
BNC connector. D reaches 
from the oscillator board, 
and L5 leads the signal to 
the PLL circuitry. D1 works 
best with a minimum of 
parallel capacitance. The 
PLL and meter circuitry to¬ 
gether with the power supply 
also are mounted on perf¬ 
board. The parts are sol¬ 


dered to flea clips and are 
wired at the rear with a Vec¬ 
tor wire pencil. All variable 
pots face the back for easy 
adjustment when the instru¬ 
ment is out of the enclosure. 
The meter is shielded from 
all the circuitry since rf 
could enter through its face. 

The calculated value of 
the resistors used in the low- 
pass filter are shown on the 
schematic. The nearest stan¬ 
dard value is listed in the 
parts list I used a borrowed 
LCR bridge to select 09- 
C22-R18-R19-R20 to within 
1% of the calculated value 
If this is not possible, use 
standard values and check 
the low-pass filter for flat re¬ 
sponse with an audio gener¬ 
ator. With 1% parts, the 
response curve is flat to 2 
kHz, drops to approximately 



Fig 2. Schematic. 
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Photo B. Bottom view. Signal enters through C14 feed¬ 
through. PLL circuitry and power supply are mounted on one 
board. 


94% at 3 kHz, and 70% at 5 dictable meter readings The 
kHz. For accurate measure- best way is to use a tapped 
ments of deviation, an audio dummy load with coax con¬ 
tone of less than 2 kHz nections and good shielding 
should be used. I used a practices. 

1.8-kHz "Sonalert" piezo- 


The microammeter is a out the remainder of the 

100-0-100 movement lib- parts list, 

erated from a local surplus 
store for $3.50 It is an accu- Calibration and Use 
rate movement and original- The PLL was calibrated 
ly came from a General Ra- with an audio generator 

dio instrument An off-cen- monitored by a frequency 

ter scale movement can be counter A 30-kHz audio 

used but extra contacts will tone of approximately 40-mV 

be needed on SI to reverse p-p output is fed into ampli- 

the meter. fier Q3 at R26. L6-C24 is dis- 

The parts are readily connected, Pin 7, IC1 is 

available. D1 is a UHF mixer monitored with a dc volt- 

diode purchased from a local meter and R14 is adjusted to 

Radio-TV supply firm. The a point where there is no 

negative voltage regulator change in voltage between 

and 10-turn pots are avail- the audio tone connected 

able from mail-order elec- and disconnected This es- 

tronic parts suppliers. Coils, tablishes the internal vco of 

chokes, and caps are avail- the PLL at 30 kHz Switch SI 

able from Radio Kit, Box is turned to center position, 

411S, Greenville NH 03048. or null, and R21 is adjusted 

They have a small catalog at approximately the mid¬ 
listing radio parts which are point of its resistance range, 

almost impossible to obtain Ml is now adjusted for zero, 

elsewhere. Radio Shack fills or null, with R16. 


buzzer right into the micro¬ 
phone. These units output a 
clean sine-wave tone, easy 
for a quick test. 

The power-supply trans¬ 
former is mounted in the 
back of the box, oscillator 
section, and is connected 
with a 3-pin molex* connec¬ 
tor. The center tap is 
grounded to the box at the 
transformer. The connecting 
cable is constructed from 
26" of RG-58/U cable. As 
shown in Fig. 1, a UHF con¬ 
nector is soldered to one 
end. This will connect to the 
T installed at the dummy 
load. The instrument end 
has a BNC with the center 
pin cut short it does not 
connect to the mixing diode 
directly but is capacitively 
coupled. Mounting different 
connectors prevents incor¬ 
rect installation. The cable 
should be Vi wavelength 
since, as a stub, it affects the 
swr. Never connect a regular 
feedthrough cable as it will 
blow the diode. 

Special attention was 
paid to shielding. The instru¬ 
ment can be used with a 
small antenna and held 
within a few feet of the 
transmitter. The rf noise 
pickup, however, is a prob¬ 
lem and can cause unpre- 


Fair Radio—Holder 
6210-617-0934 and lamp 
(#327) 


100 pF silver mica) 

1.8-8.7-pF air variable, null control 
(Hammarlund MAC-10 or equiv.) 

5- pF disc, NPO, or silver mica (see text) 
500-pF disc 

100-pF feedthrough capacitor 
.0022 (iF 
1000 pF 
.01 m F 

.01 M F (see text) 

1-fiF, 16-V-dc tantalum or electrolytic 
.0022 fiF (see text) 

10-jiF non-polarized electrolytic 
.003 (jF 
3 .02 (iF 

.l-)iF disc, mounted at meter terminals 
220 -jjF, 25-V-dc electrolytic 
3, C31,05-(iF disc 

5 4.7-jiF, 16-V-dc tantalum or electrolytic 

1N84 diode (ECG 112) 

1N914 or equiv. 

1- A, 50-piv bridge rectifier 

6- V zener diodes 1N4735 

4% turns, #22 enamel wire close-wound 
on J.W. Miller 20A00O-4 core 
7 turns, #22 enamel wire close-wound 
on J.W. Miller 20A0004 core 
100-jiH rf choke (J.W. Miller 74F104A1) 
1.72-jjH rf choke (J.W. Miller RFC-144) 

2- mH rf choke (J.W. Miller 4666) 


Fair Radio 228-6085 
Radio Kit 
Jameco (3 @ .08) 

(2 ® .25) 

Jameco mylar™. 
Jameco mylar 
Jameco mylar 
Jameco mylar 
Jameco 
Jameco 
Radio Shack 
Digi-Key Ml332 
Jameco mylar (3 @ .13) 
Jameco disc 
Jameco (2 @ .39) 
Jameco (4 @ .09) 
Jameco (3 @ .15) 

Jameco (2 @ .07) 

Radio Shack 
Jameco (2 @ .25) 


Radio Kit 
Radio Kit 

Radio Kit (2 @ 1.75) 
Radio Kit 


73 Magazine • February, 1984 







Vary the audio generator Set the audio generator 1 
above and below 30 kHz kHz below the point the PLL 

and note the meter move- loses control and now slow- 

ment. An increase in fre- ly decrease the input volt- 

quency should show an in- age. Again at some input 

crease in meter movement, level the PLL will lose con- 

a frequency decrease, a de- trol. Carefully note this volt- 

crease in meter movement, age; it is the minimum volt- 

If it is the reverse, inter- age required to give full- 

change D2-D3 wires to SI. scale indication. It could 

Set the audio generator at be as low as 5-mV p-p. For 

35 kHz and adjust the meter reliable operation, the volt¬ 
reading to 5 kHz with R21. age from the mixing diode. 

Turning Si to + deviation D1, should be at least four 

should not have any effect times this minimum level. I 

on the meter reading. Con- checked the meter in 1-kHz 

versely, adjust for 25 kHz steps and found the calibra- 

and note a negative meter tion better than 1%. 

reading of 5 kHz in null, or 

—, deviation. Slowly de- Reconnect the L6-C24 
crease the frequency to 20 filter to R26 when the cali- 

kHz. The meter should come bration is completed. The 

close to 10-kHz deviation local oscillator is tuned up 



Photo C. Right side—the internal frequency generator. Cl, D1, 
and L5 are shown connected to the BNC connector. L4 at the 
left top supplies power through feedthrough Cl3. The molex 
connector at the bottom connects to the transformer. 


and then suddenly return to by first turning the tuning 

zero. The PLL has lost con- slugs all the way in. R26 is meter, and L2, LI is tuned 

trol at that point. monitored with a dc volt- for a peak reading of ap- 


LM340T12 

LM7912CT 

470-Ohm, V«-Watt resistor, 10% 


5k 10-turn pot, PLL frequency adjust 
5k 10-turn pot, meter null adjust 
20k 10-turn pot, meter calibrate adjust 
10k (see text) 

8.2k (see text) 

4.7k (see text) 

24-30-V-ac c-t transformer 
14655.00-kHz crystal (parallel 
resonance, 32 pF) 

BUD AC-429 

SP-3T miniature rotary switch 
DPDT miniature toggle switch 
BNC connector, chassis mount, female 
1/8" miniature phone jack 
100-0-100 >iA dc meter* 


Radio Shack 
Digi-Key 

Digi-Key (2 @ .20) 

Jameco 

Jameco 

Jameco 

Jameco 

Jameco 

Jameco (2 @ .06) 
Jameco (2 @ .06) 
Jameco 

Jameco (2 @ .06) 
Jameco 
Jameco 
Jameco 

Jameco (3 ® .06) 
Jameco 
Jameco 
Jameco 

Jameco (2 @ .06) 
Jameco 43P 
Jameco 43P 
Jameco 43P 
Jameco 
Jameco 
Jameco 
Radio Shack 
Sentry Mfg., 

Chickasha OK 73018, 
Ref. 289590 

Radio Shack #275-1386 
Radio Shack #275-626 
s Radio Shack #278-105 
Radio Shack #274-251 
Radio Shack 0-50 -mA 


ar-reversing switch arrangement is 


proximately Vi volts dc. 
Make sure the output is the 
10th harmonic or 146.55 
MHz, with a wavemeter or 
such, and not the 11th or 9th 
harmonic. 

The transceiver is now 
connected to the dummy 
load with a T connector. At¬ 
tach the special cable and 
tune the transceiver to 
146.52 MHz direct. Set C9. 
the null control, at half 
capacitance. Attach a scope 
to resistor R26. The scope, 
during transmit, should dis¬ 
play a sine wave of approx¬ 
imately 40-mV p-p ampli¬ 
tude and a frequency above 
30 kHz. A value of 5 pF for 
CIO, installed across C9, 
should bring the frequency 
to about 30 kHz. The idea is 
to have C9 in the middle of 
its operating range. 

At this point, we are ready 
to try measuring deviation. I 
tested a 10-Watt unit and a 
2-Watt hand-held in high 
and low power. With the 
deviation meter switched to 
null, push to transmit and 
zero the meter with the null 
control. Turn to -F deviation 
and hum loudly into the 
microphone. The meter will 
show maximum positive 
deviation. Turn to — and re¬ 
peat for negative deviation. 
The reading should be the 
same, and at 5 kHz.B 


73 Magazine • February, 1984 39 





Build a Better Hamfest 

These hints from 25 years of experience 
will help make your event a success. 


A fter over a quarter of a 
century of hamfest at¬ 
tendance as a spectator, re¬ 
tail exhibitor, manufactur¬ 
er, and hamfest committee 
member, I have been asked 
numerous times to put 
down a few thoughts as (o 
what I and other exhibitors 
liked and disliked. I will 
comment mostly from the 
point of view of exhibitors, 
as they probably have the 
least input to a hamfest 
committee. 

Every committee wants 
to do the very best job, and 
most put in lots of effort 
and time with the very best 
of intentions. I can remem¬ 
ber several hamfests that 
really bent over backwards 
to give the exhibitors maxi¬ 
mum exposure to the pub¬ 
lic. We could set up all day 
Friday, open the exhibits 
Friday night. 6:00 to 10:00 
pm, open Saturday, 8:00 am 
to 6:00 pm, have a Saturday 
night party, and be open on 
Sunday from 900 am to 
5.00 pm 

The committees in these 
instances really did mean 
well and had good inten¬ 
tions, but if an exhibitor has 
to fly in or drive many hours 
Friday to set up, the last 
thing he needs is to open 
the exhibit area Friday 
night. He is ready to col¬ 
lapse for awhile and get 
ready for Saturday and/or 
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Sunday. After all, he prob¬ 
ably worked the last 5 days 
also. Saturday 9:00 am to 
3:00 or maybe 4:00 pm is 
enough for one day of stand¬ 
ing around trying to be alert 
and cheerful! 

Several hamfests have a 
Saturday night cocktail par¬ 
ty with a free bar for the 
first hour for the exhibitors 
only, then open it up for the 
rest of the attendees with a 
cash bar This has worked 
quite well in most cases and 
is certainly a good way to 
show appreciation to the 
exhibitors. And best of all, 
key members of the com¬ 
mittee can be there to get 
information as to what the 
exhibitors like and dislike 
about the hamfest and get 
suggestions of how to make 
next year's better. 

Now here is something 
which could be very impor¬ 
tant: A few small exhibitors 
may have only one person in 
the booth and it is very diffi¬ 
cult for them to take coffee 
or rest breaks. Some ham¬ 
fests have local Boy or Girl 
Scouts or C A P. squadron 
members to help out. Such 
local community groups of¬ 
ten are looking for things to 
do and would be happy to 
help man a booth and watch 
things for a few minutes—or 
go and get coffee, donuts, or 
a sandwich. 

Some committees ar¬ 


range to have coffee and do¬ 
nuts for the exhibitors and 
bring them to the booth or 
have it available in a central 
location: some even have a 
room where exhibitors can 
sit down and relax for a few 
minutes. 

I certainly do not mean to 
imply that all or any com¬ 
mittees should do all of the 
things mentioned here. They 
are things that I have ob¬ 
served over the years and 
are meant only as food for 
thought. And some of these 
ideas are more important 
than others. For example: It 
would be a very useful and 
desirable thing if all hamfest 
organizers provided some 
means for exhibitors to be 
reached in an emergency sit¬ 
uation. A telephone situated 
in the display area or, at the 
very least, near the PA sys¬ 
tem would be one possibili¬ 
ty. Another possibility 
would be a telephone locat¬ 
ed near the person who is 
running the radio talk-in op¬ 
eration Perhaps both loca¬ 
tions could be covered. In 
any case, there have been 
emergencies at almost all 
hamfests where exhibitors 
had to be reached quickly. 
Some thought should be giv¬ 
en to this problem 

Hamfest Dates 

There are times when it is 
difficult or impossible to co¬ 
ordinate your event with 


others on the same date. 
You could be locked into a 
date by the facilities that 
you use Last year there 
were several hamfests that 
had the same dates as others 
that we wanted to attend as 
exhibitors. I am sure that sit¬ 
uations like this will contin¬ 
ue as it is very difficult to ar¬ 
range no-conflict dates. It 
helps, however, if you get 
your date out and an¬ 
nounced ASAP. Keep plug¬ 
ging this date in publica¬ 
tions and on the air if it is a 
large affair that you want 
the big manufacturers and 
dealers to attend Make sure 
that they know the date of 
the next one ASAP after the 
last one Some commit¬ 
ments (such as ARRL nation¬ 
al conventions) are made 
more than a year in advance 
by exhibitors, 

Security is a major con¬ 
cern with many exhibitors, 
and rightly so since some 
have many tens of thou¬ 
sands of dollars worth of 
equipment on display Dur¬ 
ing setup times, I have ob¬ 
served many people walking 
around convention areas 
without benefit of any ID 
(committee, exhibitor, or 
general public). I think this is 
a real no-no, for two rea¬ 
sons First, when you are try¬ 
ing to set up your area, the 
last thing you need is a dis¬ 
traction, especially by curi¬ 
ous committee members or 



other exhibitors who prob¬ 
ably are not customers 
They may mean well, but as 
I said before, an exhibitor 
may have left before the 
c hickens got up that morn¬ 
ing and perhaps drove or 
flew many hours before ar¬ 
riving for a weekend ham¬ 
fest. He may also have 
worked the week before and 
maybe the last several 
weekends in the hamfest 

Second, it seems that over 
the last few years the need 
for more and better security 
has increased drastically. 
I'm not sure why; maybe it's 
just the economy, or maybe, 
with our lack of ability to en¬ 
force our laws and prose 
cute shoplifters, more peo¬ 
ple are willing to take a 
chance. Anyway, could it be 
time to need a bill of sale on 
your person for your new- 
looking HT as you walk in 
and out of the exhibit area? 
Time for a bill of sale for any 
package, box, or equipment 
that you carry in and out of 
the exhibit area? I certainly 
hope not, but the Consumer 
Electronics Show and others 
have had to take this ap¬ 
proach. with guards on the 
doors doing briefcase in¬ 
spections, etc. 

Last year I went to nu¬ 
merous hamfests that had 
equipment stolen right off 
displays during show hours. 
At the Cedar Rapids na¬ 
tional ARRL convention 
last summer, a sharp-eyed 
and concerned attendee wit¬ 
nessed an HT slide off a 
display and into the wrong 
person's possession He re¬ 
ported it to the exhibitor 
who immediately gave chase 
and ran the person right 
into the arms of a police¬ 
man. I don't know if there 
was a prosecution or not, 
but the name and call of the 
individual were known by a 
lot of exhibitors in very short 
order. 

In your flyers or exhibitor 
packages, a map of your lo¬ 
cation with respect to the lo¬ 
cal airport, expressways, 
and major landmarks is cer¬ 
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tainly nice—along with ap¬ 
proximate times and mile¬ 
ages from them. A list of lo¬ 
cal motels, hotels, and nice 
restaurants along with any 
800 numbers and local num¬ 
bers, rates, and specialty 
menus would make it easier 
for a stranger to make a 
choice to meet his needs or 
desires. Quite often, you can 
arrange a block of rooms, 
especially in a dead season, 
and you can really get a 
price break. 

SAROC used to hold its 
convention the first week af¬ 
ter New Year's Eve—the 
slowest weekend in Las Ve¬ 
gas—and got super room 
and exhibit-area rates (Now 
CES has taken this time slot 
for the very same reasons.) 
So don't overlook the expen¬ 
sive convention areas if you 
can use them in their slow 
times; a little income for 
them is better than zero But 
be careful of union-contract 
areas The exhibit area may¬ 
be inexpensive, but the elec¬ 
tricians and dray people 
may turn out to be very ex¬ 
pensive 

An absolute must for 
good rapport with the com¬ 
mercial exhibitors is a thank- 
you-for-coming letter sent 
no later than 30 days after 
the hamfest. It also gives 
you the excellent opportuni¬ 
ty to include a question¬ 
naire: How did you like the 
hamfest? What could stand 
improvement? What ser¬ 
vices or functions would 
you like to see added or 
dropped? Was there any¬ 
thing exceptionally good or 
bad? Did you like the loca¬ 
tion and facilities? The list 
can go on and on. 

If you use a form letter 
that requires only a check 
mark (e*) for yes or no and 
includes space for com¬ 
ments, you will get a better 
response. If you ask only for 
written comments, don't ex¬ 
pect very many to answer 
you. Make it easy for the 
busy exhibitor to respond. 

It is certainly appreciated 
when at least one person 
from the committee takes 
time and comes around 


once or twice, minimum, to 
each booth and asks if there 
is anything needed or want¬ 
ed to make it a better show 
Such visits should not inter¬ 
rupt a sale or a serious con¬ 
versation Committee mem¬ 
bers should wear some kind 
of ID to let exhibitors know 
who they are And they 
should try to talk with the 
boss, if possible; all such 
good efforts might be for 
naught if only the hired help 
is seen when the boss might 
have something he feels is 
important to chat about 

Make sure, in all corre¬ 
spondence to exhibitors, 
that there is a phone num¬ 
ber, name, and address of a 
responsible person who can 
make commitments for the 
event or at least will follow 
up with a prompt response. 
If you have a large event, 
supply a committee list of 
chairpersons complete with 
phone numbers and ad¬ 
dresses and their respon¬ 
sibilities 

Booth fees at some 


events are negotiable, and 
at some they are not. Almost 
all hamfests need door 
prizes that have to come 
from someplace, and trad¬ 
ing for them with booth 
space is probably one of the 
best ways to stretch a ham¬ 
fest budget I think that 
most dealers or manufactur¬ 
ers would rather trade mer¬ 
chandise than pay cash for a 
booth. There are bookkeep¬ 
ing problems on both sides 
sometimes in doing this, so 
play this one by ear to satis¬ 
fy both sides. 

In conclusion. I'd like to 
add that hamfests are fun 
for all concerned, and a lit¬ 
tle more attention to some 
of the details can turn a me¬ 
diocre hamfest into a spec¬ 
tacular show satisfying 
to exhibitors, committee 
members, and hams alike I 
hope that some of these 
ideas and comments will 
help your hamfest become 
the most successful and 
talked-about one this year 
and for years to corne l 
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Caveman Radio 

With underground inductive transmission>, 300 feet is almost DX. 


Frank S Reid W9MKV 
PO Box 

Bloomington IN 47402 


M agnetic-induction 
equipment which 
transmits signals through 
the ground is a valuable aid 
to cave-mapping and under- 



120-loot-deep wells near Park City, Kentucky, penetrated cave within two feet of radio 
targets. Drill drift caused error. Pipes contain hydrological instrumentation. (Photo by 

Samuel S. Frushour) 


ground rescue. Even more 
useful than its communica¬ 
tion ability is its ability to ac¬ 
curately find a spot on the 
surface above an under¬ 
ground transmitter. It can 
also determine depth within 
a few percent, uSing field- 
geometry measurements. 

It's legall Magnetic induc¬ 
tion is not real radio—it's 
simply very-loosely-coupled 
transformer action. The FCC 
does not define equipment 
operating below 10 kHz as 
"radio frequency devices." 

How It Works 

Inductive communication 
is a very old technique (see 
"Who Really Invented 
Radio? —The Twisted Tale 
of Nathan B. Stubblefield," 
73, December, 1980). When 
amateur radio was banned 
during World War II, many 
hams communicated by 
"ground wave," i.e., magnet¬ 
ic induction and earth-cur¬ 
rent. ("Earth-current" is 
transmission of audio-fre¬ 
quency signals through the 
ground between pairs of 
widely-spaced ground rods 
connected to amplifiers.) 
Ranges greater than one 
mile were claimed. 
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Skin effect, which causes 
rf currents to travel only on 
the surfaces of conductors, 
normally prevents radio 
waves from penetrating 
ground or water more than a 
few feet. The depth of the 
"skin" increases as frequen¬ 
cy is lowered; thus, subma¬ 
rines can receive transmis¬ 
sions from very powerful 
VLF stations. Experimenters 
have reported successful 
cave-to-surface communi¬ 
cations on 160 meters. 
Others report positive but 
unpredictable results on 
higher frequencies 

Audio-frequency magnet¬ 
ic fields penetrate most geo¬ 
logic structures easily. There 
are methods for locating ore 
bodies, using magnetic-in¬ 
duction equipment as a sort 
of giant metal-detector (see 
QST, June, 1928). 

Inductive communica¬ 
tion is inherently short-range 
because magnetic dipole 
field strength decreases as 
the cube of the distance 
from the source, unlike ra¬ 
dio waves which obey an in- 
verse-square law. Conduc¬ 
tive overburden will absorb 
the signal, but the inverse- 
cube attenuation is so pre¬ 
dominant that absorption is 
rarely noticeable. Gener¬ 
ating true radio (electromag¬ 


netic) waves at audio fre¬ 
quencies would require 
enormous antennas. 

E. R. Roeschlein suggest¬ 
ed using the directional 
properties of magnetic 
fields to map caves in an ar¬ 
ticle in Electronics, Septem¬ 
ber 23,1960. Cavers, notably 
William Mixon and Richard 
Blenz, refined the equip¬ 
ment and developed depth¬ 
measuring techniques which 
are independent of signal 
strength (several articles ap¬ 
pear in Spe/eo Digest, 1964), 

Equipment 

It's easy to get 300-foot 
range with very simple 
equipment. Longer ranges 
are more challenging. 

A transmitter is just an au¬ 
dio oscillator driving an am¬ 
plifier which is driving a coil. 
Impedance matching is im¬ 
portant for maximum coil 
current. Perhaps the most 
important part of the trans¬ 
mitter is the keyer—a circuit 
to make it go "beep 
beep beep." In addition 
to the advantage of saving 
battery power, a pulsed sig¬ 
nal is much easier for the re¬ 
ceiver operator to distin¬ 
guish against a background 
of interference than is a 
steady tone. 

A simple resonant coil 
connected to an audio am¬ 



Fig. 1, One-chip transceiver uses Qrmultiplier effect for high 
sensitivity and selectivity. Antenna needs no electrostatic 
shield. U1 is any 741-type op amp. 



WB9TLH operates underground transmitter on 3500-Hz CW, 
using microswitch for telegraph key. 


plifier will work for a receiv¬ 
er. Use crystal earphones, 
because magnetic phones 
will cause feedback. 

The circuit of Fig. 1 is a 
Q-multiplier. The resonant 
circuit is in negative feed¬ 
back instead of being simply 
connected to the amplifier's 
input. The Q (regeneration) 
control taps some of the 
output and feeds it back to 
the noninverting ( + ) input. 


The amplifier forms a nega¬ 
tive resistance which cancels 
the resistance of the coil. As 
the Q control is advanced, 
sensitivity and selectivity 
get higher and higher until 
the circuit goes into oscilla¬ 
tion (infinite Q). Since it will 
oscillate, the circuit can also 
be used as a very-low-pow- 
ered transmitter. 

A 60-Hz notch filter will 
not get rid of power-line in- 



Fig. 2. Receiver with frequency conversion allows very high 
gain without feedback problems. 
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Fig. 3. A cave-radio transmitter. Precise frequency control is necessary if receiver uses very- 
narrow-bandwidth filters. 


terference, which is not just 
60 Hz but many harmonics. 
Don't use active filters indis¬ 
criminately Very strong in¬ 
terference can intermodu- 
late with the desired signal 
in an active filter, creating 
even worse interference. 

Even with crystal ear¬ 
phones, receiver gain can¬ 
not be increased indefinite¬ 
ly. After a certain point, no 
amount of shielding and de¬ 
coupling will prevent feed¬ 
back. You can keep the an¬ 
tenna far from the amplifier, 


but then it's not portable A 
balanced mixer and local os¬ 
cillator can convert the in¬ 
put frequency to some other 
frequency, which can then 
be filtered and greatly am¬ 
plified without feedback 
problems. Fig. 2 is a block 
diagram of one such receiver 

Interference 

Power lines are the major 
source of interference, even 
in isolated areas. Harmonics 
of 60 Hz extend well into the 
ultrasonic frequencies Pow¬ 


er-line interference is usual¬ 
ly directional and can be 
partially nulled out by the 
receiving antenna. To mini¬ 
mize interference, choose 
an operating frequency in 
between a pair of power-line 
harmonics and use a receiv¬ 
ing filter narrow enough to 
reject the adjacent signals. 
Resonant-reed or tuning- 
fork filters of the type used 
in radio pagers can provide 
the necessary selectivity. 
Such extremely narrow 
bandwidths require precise 
frequency control and very 
slow CW speeds. 

Atmospheric noise from 
distant thunderstorms can 
be a problem in summer. 
Daytime atmospheric noise 
is minimal around 3.5 kHz 
(National Speleological So¬ 
ciety Bulletin, vol. 32, no. 1, 
January, 1970). The noise 
level increases appreciably 
after dark. Atmospheric 
noise is polarized such that 
it nulls when the receive coil 
is horizontal. 

What's the best frequen¬ 
cy to use? Mid-range audio 
frequencies work well, and 
the equipment is easy to 


build. I use 3500 Hz. 3276.8 
Hz would be a good fre¬ 
quency because it is easy to 
generate from a 32.768-kHz 
wristwatch crystal. 3276.8 
Hz falls in between harmon¬ 
ics of both 50- and 60-Hz 
power lines, and so could be 
used in any country. At 
higher frequencies, ground 
absorption increases and 
audio amplifiers become 
less efficient Some experi¬ 
menters have tried SSB on 
ultrasonic frequencies, but 
have found no advantages 
to justify the complexity of 
the equipment. Below 2 
kHz. atmospheric noise and 
power-line harmonics are 
very strong. Subaudible fre¬ 
quencies below 60 Hz have 
been used, with very com¬ 
plex receiving equipment 

The OMEGA navigation 
system transmits very strong 
signals on several frequen¬ 
cies between 10 and 14 kHz. 
OMEGA stations make 
good beacons for testing re¬ 
ceivers. Each station trans¬ 
mits for one second in a se¬ 
quence that repeats every 
ten seconds. 

Antennas 

For best performance, 
maximize the magnetic mo¬ 
ment of the coils. Magnetic 
moment is Ampere-turns 
multiplied by the coil's area. 

Doubling the range of an 
inductive system requires an 
eightfold increase in mag¬ 
netic moment, other factors 
being constant. Self-reso¬ 
nance limits the number of 
turns a coil may have. An 
eightfold increase in current 
implies either much larger 
wire or a 64-fold power in¬ 
crease. It's easy to see that 



Surface location and depth of transmitter are found by null¬ 
seeking with directional antenna and by measuring shape of 

magnetic field 


44 73 Magazine • February. 1984 



Fig 4. Surface-to-cave transmitter uses large antenna and high 
power, so that underground equipment can be small. Surplus 
400-Hz transformers are very cheap or free because there is 
little demand for them. (Caution—possible shock hazard be¬ 
tween chassis and earth grounds if amplifier has no internal 
output transformer.) 





Fig. 5. (a) Received signal disappears when coil is parallel to 
magnetic field. (bj Note that magnetic-induction receiver 
coil's sensitivity pattern has null directions in the plane of the 
coil, unlike radio loop antennas, (c) Nulls are much sharper 
than peaks, hut with very weak signals you may have to seek 
peaks instead of nulls. 



Fig. 6. Finding the approximate surface point above the 
transmitter (plan view). 


the brute-force approach 
soon reaches limitations. 

For a given length of wire, 
the optimum antenna is a 
single huge circular turn. 
Very large loops are OK for 
fixed locations, but coils for 
direction-finding must be 
rigid, flat, and portable. 
Transmitting coils must be 
small enough to fit through 
tight cave passages. In any 
case, the easiest route to 
long range is with coils of 
the largest manageable di¬ 
ameter. Build a transmitter 
of a few Watts, carefully 
match it to the coil, and con¬ 
centrate the rest of your ef¬ 
fort on a good receiver. 

Ferrite-core antennas 
should perform well if prop¬ 
erly designed. Ferrite cores 
can introduce problems of 
temperature instability, mi¬ 
crophonics, and magnetic 
saturation. Doug DeMaw's 
recent book, Ferromagnetic- 
Core Design and Applica¬ 
tions Handbook, published 
by Prentice-Hall, is an excel¬ 
lent reference 

Nathan B. Stubblefield 
may have discovered the in¬ 
teresting interaction be¬ 
tween the magnetic-induc¬ 
tion and earth-current 
modes of communication: 
Current injected into the 
ground between a pair of 
widely-spaced rods flows 
around a large underground 
area, creating a large mag¬ 
netic moment. An inductive 
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receiver will detect the sig¬ 
nal Likewise, a pair of 
ground probes can detect 
voltage induced by a distant 
current-carrying coil. Some 
cave-radio experimenters 
have built equipment which 
operates in either mode, al¬ 
lowing greater flexibility in 
varying conditions of 
ground conductivity. 


Voice Operation 

My own equipment was 
designed primarily for direc¬ 
tion-finding and minimum 
weight. It can transmit from 
cave to surface by CW, but 
it does not transceive. Two- 
way communication is not 
essential for surveying oper¬ 
ations, but it can be very 
useful. (People who don't 
know Morse code can usual¬ 


ly send it intelligibly if pro¬ 
vided with a code list and a 
few minutes of instruction 
on lengths of dots, dashes, 
spaces, letter and word 
spacing, and abbreviations.) 

For a "downlink" I use a 
12-volt-operated, 100-Watt 
police siren/PA amplifier 
driving either a large loop of 
wire lying on the surface or a 
pair of ground rods. A sur¬ 
plus 400-Hz variable auto- 
transformer matches the 
amplifier to different loads. 
The underground voice 
receiver has a ferrite-core 
coil connected to an audio 
amplifier through a high- 
pass LC filter which cuts off 
at 600 Hz, with 70 dB of re¬ 
jection below 300 Hz. The 
filter rejects the strongest 
power-line harmonics. A 
band of voice energy called 
the first formant is lost, re¬ 
sulting in loss of the quali¬ 
ties that distinguish individ¬ 
uals' voices, but intelligibil¬ 
ity remains. The female 
voice works best here. 

Magnetic Direction-Finding 

Someone must take the 
transmitter into the cave to 
the point of interest and turn 
it on at an appointed time. 
The transmit coil must be 
horizontal and very accu¬ 
rately level. 

Received signal strength 
depends on how much mag¬ 
netic flux passes through the 
coil. With the plane of the 
coil parallel to the field, no 



Receiving antenna has inclinometer made from vernier radio 
dial and spirit-level for measuring vertical angles. 










Fig. 7. Ground zero is pinpointed by finding the spot where 
the f ield is vertical. Then, distances (L) and vertical angles (e) 
are used in calculating depth of transmitter. 



Fig. 8. Cave Radio Depth Chart (after W. Mixon). Each curve is 
depth vs. field angle for a different horizontal distance from 
ground zero. Use any distance units: feet, meters, etc. Exam¬ 
ple: For distance 50' and angle 40°, depth is 102'. Thanks to 
Robert F. Blakely for providing this HP-85 computer plot. 


flux passes through the cen- v 
ter and the signal disap- tl 
pears in a very sharp null t 
(Fig. 5). tl 

Viewed from above, the f 
field of the transmit coil tl 
looks like straight lines radi- c 
ating from the center (Fig. 6). g 
The receiver operator can t 
home in on the area of the a 
underground transmitter by tl 
a technique similar to that d 
of normal hidden-transmit- a 
ter hunting: Hold the coil in g 
a vertical plane and rotate c 
to find the null direction, 
then "triangulate." v 

Once the approximate s 
site has been found by hori- v 
zontal nulls, the location y 
can be refined to within a e 
few inches, using vertical u 
nulls. Fig 7 shows a side a 
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view of the curved shape of 
the field. Point the coil 
toward maximum signal, 
then tilt it back and forth to 
find a null which indicates 
the direction of the field 
coming up out of the 
ground. Move in the direc¬ 
tion of decreasing vertical 
angle to find a place where 
the null direction is straight 
down. Turn 90° horizontally 
and repeat the procedure, 
getting closer to the center 
of the field each time. 
"Ground zero" is the point 
where the vertical null is 
straight down, no matter 
what horizontal direction 
you point the coil's axis. An 
experienced operator can 
usually find ground zero in 
about ten minutes and de¬ 


CALCULATOR METHOD 

Finding depth by calculator is fast easy, eliminates plotting 
errors, and provides wider range than the graph. (The graph still 
has the advantages of low cost and easier error detection.) A 
programmable pocket calculator with nonvolatile memory, 
such as the Hewlett-Packard HP-29C, is ideal for calculating 

depth while on location. 



HP-29C Program for Depth of Cave Radio 

Equation solved for depth; 

D = L(3 

+ V 9 + 8 tan 2 0) 


4 tan 0 
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Example: L=50', 0 = 

45°: Depth = 89.04' 


termine depth in another 
ten. 


Finding Depth 

The receiver antenna 
should be mounted on a rig¬ 
id, flat board or framework 
and must be equipped with 
some type of inclinometer, 
such as a carpenter's pro¬ 
tractor. Estimate vertical an¬ 
gles to the nearest 1/10 de¬ 
gree when taking data for 
h. 

ark ground zero with a 
stake or rock. Stretch a mea¬ 
suring tape horizontally away 
from ground zero and mea¬ 
sure the vertical angle of 
the field at several different 
distances away Use the dis- 
tance-and-angle data in the 
calculator formula above 
or plot the data on the fam i- 


ly of curves in Fig 8 Aver¬ 
age the results of several 
pairs of data. The depths 
should be consistent, falling 
near the average value and 
randomly either side of the 
average. An increasing or 
decreasing trend indicates 
an error in ground zero loca¬ 
tion or an unlevel transmit 
coil. Most of the error can 
be recovered by taking an¬ 
other set of data in the op¬ 
posite direction away from 
ground zero and averaging 
the results of both sets 

Note that the slope of the 
depth function (Fig, 8) is very 
steep for small angles, i.e., a 
small error in measuring the 
angle will produce a large 
depth error. For best results, 
use only angles between 12° 
and 75°. (At vertical angles 
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near and greater than 90°, 
the null is less distinct and, 
of course, the signal is weak¬ 
er at greater distances from 
ground zero.) 

The depth chart (Fig. 8) 
derives from the formula: 
tan © = 3LD/(2D J -L 2 ), 
where: e = angle of field 
(measured from vertical 
= 0°), L = horizontal dis¬ 
tance from ground zero, and 
D = depth The formula is 
an approximation which as¬ 
sumes that the transmit coil 
is very small relative to 
depth 

Note that the closed 
curves of the magnetic field 
are ellipses, not circles. Sim¬ 
ple triangulation cannot be 
used to determine depth (D 
= L when © = 71.57°, not 
90°). An 8 1/2" X 11" work¬ 
ing copy of the depth chart 
is available from the author 
for an SASE. 

The Future 

Extending the range of 
underground communica¬ 
tion makes a fine project for 


hams, especially VLF enthu¬ 
siasts. Experiments on 1750 
meters should be especially 
interesting. 

Correlation, signal-aver¬ 
aging, and other sophisticat¬ 
ed techniques for weak-sig¬ 
nal recovery are becoming 
increasingly attractive to 
amateurs with new develop¬ 
ments in integrated circuits. 
Very-long-range cave radio 
could, of course, be accom¬ 
plished by interfacing short- 
range cave-to-surface links 
with conventional amateur 
radio equipment. Future 
technology may allow com¬ 
munication through the en¬ 
tire Earth on modulated 
beams of neutrinos!® 
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Here's the Split-Second Timer 

In the darkroom or the shack , this beeper has 1001 uses. 

Its simplicity makes it the perfect beginner's project. 


Editor’s Note: This article, although not exclusively amateur radio oriented, so impressed us at 73 that we are presenting it here. The author 
has come up with a nifty audible clock circuit. The timer could be used in a photography darkroom, as suggested by the author, or in the ham 
shack to time your exposure of circuit boards. The timer is simple enough to build as a first-time project. We hope you enjoy this project as 
much as we did. 


L ike many hams that I've 
talked to, I have a sec¬ 
ond and maybe more ex¬ 
pensive hobby.photogra¬ 

phy Inflation has made my 
photo darkroom even dark¬ 
er with paper costs climb¬ 
ing to over 2S c ents a sheet 


Chemicals spiral upward 
along with paper prices 
while freelance jobs dwin¬ 
dle The result is that I’m 
very money-conscious each 
time I open my bright yel¬ 
low box of printing paper I 
even scrawled ’'2St a 



Here's flow fo interface the beeper, A cube tap is pushed into 
the enlarger outlet of the mechanical darkroom timer The 
red w ire from the cube tap goes to my photo enlarger and the 
brow n wire to the beeper When the timer cycles line voltage 
to the enlarger outlet, both the beeper and the enlarger lamp 
come on together. 


sheet" on top of the box. 
but that didn't seem to cut 
back on the mountain of 
wasted paper. 

With rising paper costs in 
mind, I decided that the 
cure might be a new dark- 

prints ended up in the 


wastebasket because ot 
bad dodging and burning 
What I needed was a timer 
that would help me he 
more accurate, print after 
print Hut the new digital 

willing to spend 

My old mec hanical timer 
worked fine as long as I left 



Close-up detail of parts placement inside plastic case The 
piezo buzzer is glued to the top of the case. I he sw itch in the 
foreground is used to turn off the beeper while focusing un¬ 
der the enlarger. 
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it set on one particular 
time The problem crept in 
when I needed to reset the 
timer to a new time to burn 
in part of the print When I 
returned the pointer to the 
original time to make an¬ 
other print, that new print 
never looked the same as 
the first print. 


Enter Bruce WA3PTU 

I talked over my problem 
with Bruce Long WA3PTU. 
We reasoned that an audi¬ 
ble beep sounding each sec¬ 
ond coupled to my present 
timer would permit me to 
set the timer for, say, 10 sec¬ 
onds and then never move it 
again. To add or subtract 
printing time would be easy 
All I would have to do 
would be to count the sec¬ 
onds that ticked by, then 
block the enlarger's light 
path with my hand when the 
correct time was reached. 

Dodging and burning 
prints could be done more 
accurately since I would 
hear the passing seconds as I 
worked over each print. All 
that was needed was an in¬ 
expensive add-on beeper 
(and, of course, the circuit 
from WA3PTU) 

I built the beeper for 
about $11. The handful of 
parts came from the local 
Radio Shack store and fit in¬ 
to a plastic box Calibration 
was simple using only my 
wrist watch The beeper was 
interfaced with my dark¬ 
room timer by plugging it in¬ 
to a cube tap shared with 
my photo enlarger The add¬ 
on beeper has made dark¬ 
room life more enjoyable 
and cost-efficient—so, let's 
build one. 

How It Works 

The beeper is simple A 
piezo buzzer sounds each 
second that the enlarger 
lamp is on Line voltage is 
also routed to the add-on 
beeper through a cube tap 
That line voltage turns on a 
2N2222 transistor switch in 
the beeper The 2N2222 
switches on the 555 timer 
circuit by grounding an in¬ 


ternal 9-volt battery When 
the mechanical darkroom 
timer shuts off the line volt¬ 
age, the enlarger lamp and 
the beeper turn off, for prac¬ 
tical purposes, simultane¬ 
ously 

Part of the 555 timer cir¬ 
cuit was borrowed from 
Don Lancaster's TTL Cook¬ 
book I won t repeat Lan¬ 
caster's very complete de¬ 
scription of w'hy the circuit 
works All that's necessary is 
to note that the combina¬ 
tion of R1 and Cl produces 
a beep about 1 second long. 
The 5k pot adjusts the 
beep's volume 

The 5(X)k pot calibrates 
the timing cycle. This pot is 
carefully adjusted until 61 
beeps are timed in 60 sec¬ 
onds. That's right, 61 beeps. 
When the enlarger lamp and 
the beeper are first turned 
on, a beep sounds. That's 
the extra beep I really 
wasn't sure that I could live 
with that first beep coincid¬ 
ing with the enlarger lamp 
turning on. Now, after 7 
months of use, I expect that 
first beep and compensate 
for it. Look at it this way: 
When you have 20 identical 
prints to make of the family 
reunion, it doesn't matter if 
you remember 5 beeps or 6 
beeps as the time for burn¬ 
ing in Aunt Lydia's face. 
W'hat counts is that you con¬ 
sistently give her face that 
same extra exposure on 
each of the 20 prints if you 
don't want to waste paper 
Whether or not you count 
that extra first beep is your 
decision 

Building the Beeper 

Now let's build the 
beeper My beeper show'n in 
the photos was built on a 
printed circuit board. How¬ 
ever, a 2" x 2" square of 
perfboard or an etched and 
drilled Radio Shack 1C 
board, catalogue number 
276-024, makes construction 
simple The important thing 
is to make certain that you 


’TTL Cookbook, Don Lancaster, 
Howard W. Sams and Co., p. 
174. 



Fig. I. Add-on beeper schematic. 


assemble the parts in an all 
plastic box. That's a plastic 
box with a plastic panel. Do 
not substitute any of the 
multitude of boxes avail¬ 
able with aluminum panels 
The 110-volt-ac line is quite 
safe as long as it remains iso¬ 
lated inside the case. Alu¬ 
minum panels could pro¬ 
vide a dangerous path out¬ 
side the box. 

The circuit board and bat¬ 
tery are friction-fit inside my 
case. Don't use metal 
screws to fasten the board 
to the box because of the 
shock hazard. Instead, glue 
the battery and board to the 
case with a few well-placed 
dabs of silicone rubber ce- 

A word about parts. No, I 
don't manage a Radio Shack 
store or have stock in Tandy 
Corporation. The parts list 
has Radio Shack catalog 
numbers to help beginning 
builders I'm certain that 
these commonly available 
parts can be found in most 
any ham junk box. Parts lay¬ 
out isn't critical, either. Ob¬ 
serve the polarity of the 
piezo buzzer The schemat¬ 
ic is marked to show' place¬ 
ment of the red and black 
leads. 

Operation 

I included a switch to turn 
off the beeper while focus¬ 
ing or composing under the 
enlarger When you are 
ready to make that first 
print, turn on the beeper Set 
the mechanical darkroom 
timer for your average print- 


II ing time I've standardized 
c on 10 seconds Never move 
o the mechanical timer off the 
e time you selected —in my 
I- case, 10 seconds. If you 
s have a dense negative and 
e must burn in parts of the 
> print, simply press the me- 
j- chanical timer's button 
3- again for another 10-second 
t- cycle and count off the ex¬ 
tra time You will probably 
t- find that the old mechanical 
y timers are sufficiently accu- 
il rate when used this way. In- 
d accuracies creep in when 
e changing the time setting 
e back and forth. For this rea- 
e son it is much more accu- 
d rate to set the timer and 
?- print as I described than it is 
to print for 10 seconds then 
I reset the timer for another 5 
k seconds to burn in part of 
y the print Consistent dodg- 
t ing can be done by counting 
g the beeps as you hold back 
g underexposed parts of the 
t negative 

e Consistency and repeat- 

t ability result from using the 
'- beeper and the "hands-off- 
)- the-timer" method. If you 
e don't believe me now, wait 
:- until you finish that print 
■- order of 20 reunion pic- 
k tures Aunt Lydia will look 
the same on each print- 
guaranteed. 

n An Extra Added Bonus 

»- Now that you've built the 

e add-on beeper and love it, 
e let s take it out of the dark- 
4 room. Remember that pic- 
■t ture you tried to take last 
n December of the Christmas 
t- tree and lights after dark in 
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Plastic box, 4"x2-7/16"x 
1-1/16" 

(Note: Box must be all 
plastic to isolate line volt¬ 
age and prevent shock.) 
Piezo buzzer 

Capacitors, 1 uF. 250 WV 
dc, mylar™ metal film 


Potentiometer, 500k 
Potentiometer, 5k 
Resistors, 100k, 


Diodes, silicon switching 
1N914 

Diode, 1 Amp, 400 piv 
Timer 1C, 555 
Transistor, 2N2222 


Catalog numbers from 1982 Radio Shack Catalog No. 354. 


the front yard/ The Kodak 
Professional Photoguide sug 
gests that with ASA 64 film 
and your camera lens set at 
f/8, a starting exposure is 5 
seconds. Now, you could 
count "one-one-thousand, 
two-one-thousand " or 
you could build a second 
add-on beeper to time that 
long exposure. 

All you need is a PC cord 
to interface the beeper with 
your camera. Build another 
beepter without the ac line 
cord and transistor switch¬ 
ing circuit. Cut off the end of 
the PC cord that mates with 
a flash unit and solder one 
PC cord wire to point A on 
the schematic and the other 
PC wire to point B Plug the 
PC cord into the camera, set 
the shutter to Bulb, and hold 
open the shutter for an audi¬ 
ble 5 seconds or 6 beeps 

Bracketing is just as easy 
as counting more or less 
beeps either side of the rec- 


yoursc'lt in your head/ Well, 
the beeper might come in 
handy when making a pic 
ture of, let's see, a ‘ moonlit 
snowscape," According to 
the Professional Photoguide. 
that's about 70 seconds at 


to bracket, that's 140 sec 
onds and 35 seconds, bul 
then I have to take into ac 
count reciprocity failure 
so Or was that 141 beep! 
and 36 beeps? Anyway, the 
important thing is to build <3 
second beeper without line 
cord and interface it with 
your camera That way there: 
won't be any shock hazard 
The circuit is simple but 
the beeper works quite well 
Build one and stop filling 
your darkroom wastebasket 
with printing paper Instead 
start thinking about where 
you're going to put that new 
tribander with all the money 
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Peak Your Picture With 
Home-Brew SSTV Test Gear 

Go from gray scale to color bars with these simple generators. 
No monitor should be without them. 


I n my spare time I enjoy 
viewing slow-scan televi¬ 
sion on my home-brew 
monitor and like to keep up 
to date with advances in 
this field. Also, I enjoy de¬ 
signing with all types of in¬ 
tegrated circuits, CMOS in 


particular Thus, I have 
combined these two inter¬ 
ests into the two projects 
described here. Each gener¬ 
ator has nine ICs and few 
other components and both 
can be built for well under 
$100 


The SSTV gray-scale gen¬ 
erator is used as a standard 
to adjust brightness and 
contrast levels on commer¬ 
cial slow-scan monitors and 
to peak sync and bandpass 
filters on home-brew equip¬ 
ment It also can be used to 


check repairs or modifica¬ 
tions on any monitor. 

In addition to the above- 
mentioned operations, the 
SSTV color-bar generator is 
useful when selecting red, 
green, and blue filters for 
color slow-scan photogra¬ 
phy. It provides a pattern 
with these colors plus mix¬ 
tures of them into blue- 
green, violet, yellow, and 
white. 

Gray-Scale Generator 

The MM5369 is a crystal- 
controlled oscillator provid¬ 
ing a square wave at 3.58 
MHz. This signal is divided 
by a factor of 10 through 
each of the 4017 dividers. A 
35.8-kHz signal is present on 
pin 9 of the 4520 binary di¬ 
vider. A binary code is fed 
into the 4514 decoder. 

Meanwhile, the 4069 
clock provides a 240-Hz 
square wave to pin 1 of the 
other binary divider in the 
4520 package. Here, the bi¬ 
nary-coded output selects 
one of the 16 available input 
pins from the two 4051 digi¬ 
tal selectors and passes 
reset information from the 
4514 decoder through pin 3 
of both 4051 ICs to the reset 
pin (pin 15) of the first binary 
divider. 



Fig. 1. CMOS SSTV grayscale generator. 
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As the 16 input pins are 
swept through (top to bot¬ 
tom on the schematic), the 
35.8-kHz frequency is divid¬ 
ed by factors of 1 5,12,10, 9, 
and 8 respectively. This will 
constitute one scan line on 
the monitor. The 4024B 
takes frequencies from the 
"0" pin (pin 11) of the 4514 
and divides all by a factor of 
two. The result is an SSTV 
gray scale with frequencies 
within one percent of 1200, 
1500, 1800, 2000, and 2250 
Hz. All are 50/50 duty-cycle 
square waves so gray-scale 
shades will result only from 
changes in frequency. The 
only adjustment necessary 
is horizontal sweep speed. 

Color Bars for SSTV 

The same general opera¬ 
tion of the gray-scale gener¬ 
ator can be redesigned to 
give us the three frame pat¬ 
terns necessary to produce, 
photographically, a slow- 
scan color-bar frame. 

We start again with a 
3.58-MHz oscillator and di¬ 
vide by a factor of 100, this 
time in a single 4518. A 35.8- 
kHz signal is fed to pin 9 of 
the 4520 and a binary-coded 
output is available at the ad¬ 
dress inputs of the 4514. Al¬ 
so, a clock frequency of 120 
Hz is provided at pin 1 of the 
4520 and a binary code is 
presented to a single 4051. 

The action of the 4051 
and the two sections of the 
40.53 can be described as 
switches in series. Binary 
data on address pins 9, 10, 
and 11 of the 4051 and con¬ 
trol pins 9 and 10 of the 4053 
will route data from the 
4514 pins 15, 14, and 18 to 
pin 15 of the 4520. The tim¬ 
ing of these connections will 
produce horizontal and ver¬ 
tical pulses as well as full 
cutoff and saturation (black 
and white) bars when viewed 
on the monitor. When look¬ 
ing at the three frame pat¬ 
terns, one can see a relation¬ 
ship forming between the 
width of the bars and the 
square-wave frequency at 
the RGB select switch. 

A 555 timer is used as a 
98/2 duty-cycle clock to 


control pin 10 of the 4053. 
This clock and the bottom 
4053 switch provide a verti¬ 
cal sync option for the gen¬ 
erator. For about two scan 
lines worth of time, the gen¬ 
erator will produce a 1200- 
Hz tone. The monitor will 
look at this tone as a vertical 
sync pulse. 

The 4013 is a divide-by- 
two stage that operates 
identically to the 4024B in 
the gray-scale generator. 
The output inverter is not 
necessary if one has a "B" 
series 4013 device 

Going Further 

The heart of these audio¬ 
tone generators can be a 
good starting point for other 
projects. Add a memory 
(ROM) and send graphics or 
your call letters without a 
computer. Build a flying 
spot scanner, vidicon cam¬ 
era, or a totally solid-state 
SSTV camera with the new 
Ret icon photodiode arrays 
(see Radio Electronics, 
March, 1982, page 75). ■ 



Fig. 2. CMOS SSTV color-bar generator. 
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Op Art 

Include the ubiquitous op amp in your next circuit. 
KC0EW tells how. 


W hen the Linear 1C Hall 
of Fame is estab¬ 
lished, it's a pretty safe bet 
that among the first to be in¬ 
ducted will be the opera¬ 
tional amplifier, or op amp. 
From the venerable 709 and 
741 to the latest wideband 
wonders, this class of com¬ 
ponent has found its way in¬ 
to more circuits than prac¬ 
tically any other chip. 

The op-amp 1C has made 
possible designs that would 
have been prohibitively ex¬ 
pensive or complex just a 
couple of decades ago. You 
can filter with them. You 
can amplify with them. You 
can add, subtract, multiply, 
divide, integrate, buffer, 
mix, and oscillate with them. 
And if you can learn just a 
little bit about how to use 
these versatile gizmos, 
you'll find that design chal¬ 
lenges that looked almost 
impossible can be simple— 
with some imaginative use 
of "Op Art." 


Simply put, an opera¬ 
tional amplifier is just a very 
high gain voltage amp with 
high input impedance and 
practically no output im¬ 
pedance. A typical op amp 
will show a voltage gain of 
several hundred thousand, 
with an jnput impedance in 
the megohms. 

On a schematic they're 
not much to look at—Fig. 1 
shows the ubiquitous trian¬ 
gle symbol of the op amp. 
The inputs are marked + 
and —, denoting the invert¬ 
ing and non-inverting in¬ 
puts, respectively. The out¬ 
put is at the tip of the 
triangle. 

The op amp is really a dif¬ 
ferential-input device, mean¬ 
ing that the output is an am¬ 
plified version of the voltage 
difference between the two 
inputs; the + and — sym¬ 
bols merely give an indica¬ 
tion of the polarity, or phase, 
of the output with respect to 
the input. Both inputs must 


be used for the output to do 
anything meaningful. 

So we've got a part which 
will amplify a voltage by a 
hundred thousand times or 
more. Seems like just the 
thing for a stage with lots of 
gain, right? Just think, we ll 
feed the input a few milli¬ 
volts (maybe from that turn¬ 
table over there) and drive 
our speakers directly from 
the output! 

Well, not quite. The op 
amp isn't meant to be a 
power amplifier, and that 
hundred-thousand gain sim¬ 
ply isn't usable in this fash¬ 
ion. This gain figure, called 
the open-loop gain, is very 
important but not like this. 
The op amp, or any other sin¬ 
gle stage with this much 
gain, tends to be very unsta¬ 
ble when run without some¬ 
thing to keep it under con¬ 
trol. That doesn't mean that 
all this gain is useless; we've 
just got to find the right way 
to apply it. The thing that 
makes the op amp's huge 
gain very desirable (and the 
key to most op amp applica¬ 
tions) is the principle of 
feedback. 

Feedback simply means 
that we're going to take a 
small portion of the output 
of a given stage (or series of 
stages) and return it to the 



Fig. 1. The symbol for the 
op amp. 


input. Feedback can cause 
an otherwise stable circuit 
to suddenly go into vio¬ 
lent oscillation—as anyone 
who's ever spent some time 
with PA systems knows! The 
squealing heard when a mi¬ 
crophone is placed too 
close to the speaker it's driv¬ 
ing is an example of positive 
feedback—the output sig¬ 
nal is returned in-phase with 
the input, adding to it and 
driving the system farther 
and farther into oscillation. 
But if you return the output 
so that it is out of phase with 
the input, in negative feed¬ 
back, you can actually im¬ 
prove the stability of the cir¬ 
cuit. Here's how it works. 

Consider the simple block 
diagram shown in Fig. 2. The 
triangle here is used to in¬ 
dicate some amplifier (not 
necessarily an op amp) with 
a voltage gain of A. This 
means that the output 
voltage is A times as big as 
the input voltage (Vj n ). V ln is 
applied to the amplifier so 
that it appears as the volt¬ 
age difference between the 
two input leads, so we're 
still talking about a differen¬ 
tial amplifier. 

So far, no big deal, right? 
But suppose we add a block 
which returns a part of the 
output back to the input, as 



Fig. 2. An amplifier with a 
voltage gain of "A ." 




EQUATIONS 

1. 

V a 

= V in - FV out 

2. 

V„ 

t = AV a 

3. 

v 0 

, = A(V in - FV out ) 

4. 

Vo 

t = V ln (A/1 + AF) 

5. 

v„ 

t = V in (A/AF) 

6. 

V ot 

. = V in (1/F) 

7. 

Vql 

, = V in [1/(R1/(R1 + R2))] 

8. 

V Ol 

, = V ln (1 + R2/R1) 

9. 

VoL 

, = — V fn (R2/R1) 

10. 

Va 

„ = — [V1(RF/R1) + V2(RF/R2) + V3(RF/R3) + ...] 

11. 

v° i 

„ = (VI - V2) (R2/R1) 
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Fig. 3. An amplifier with 
feedback. 

in Fig. 3. Here, the block 
marked F is doing just that. 
We'll use F as the gain of this 
block, saying that F times 
the output is fed back to the 
input. In Fig. 2, the output 
was just an amplified ver¬ 
sion (A times) of the input. 
But what's happening in this 
new arrangement? 

Well, the output of the am¬ 
plifier—the triangle stage- 
still has to be A times as big 
as the input. But the input to 
the amplifier is no longer 
just the input signal, V in . The 
input to the amp—the volt¬ 
age difference between the 
two input terminals—is now 
the difference between Vj n 
and F times the output. If we 
call this signal V a (for volt¬ 
age at the amplifier), we can 
write Equation 1 (see box). 

It is this combined signal 
that the amplifier block is 
working with, so the amplifi¬ 
er output (and the output 
of the whole thing, since 
they're the same) must be A 
times V a (see Equation 2). 

What we'd really like, 
though, is some relation be¬ 
tween the original input sig¬ 
nal (V in ) and the output. 
Well, Equation 1 gives us V a 
in terms of both of these, so 
we can get rid of that pesky 
V a just by plugging in the 
right side of 1 for V a (see 
Equation 3). 

This says that the output 
depends on both the input 
and itself. (Well, what did 
you expect with feedback?) 
A few more algebraic tricks: 
dividing both sides by V out 
and rearranging gives us 
Equation 4. 

This might not look all 
that impressive at first 
glance (heck, it might not 
look that impressive at sec¬ 
ond glance), but let's think a 
bit about what it means. 
Remember, A is the gain of 



Fig. 4. A non-inverting buffer. 

the triangle block in Fig. 3— 
the amplifier proper— and F 
is the gain of the feedback 
path around the amp. Since 
we know we're trying to find 
some use for a large gain 
amp, what happens if A in 
this equation becomes very 
large? 

If A is a large number, 
then A times F must also be 
a large number, at least until 
F gets pretty small. And if A 
times F is large, then adding 
one to it shouldn't change it 
very much—I mean, 100,000 
and 100,001 are pretty much 
the same, right? So in Equa¬ 
tion 4, thel + (A X F) might 
just as well be simply A X 
F—the added one isn't go¬ 
ing to make much differ¬ 
ence one way or another. 
Well, if we drop the one we 
get Equation 5 which then, 
dividing through by A, re¬ 
sults in Equation 6. 

Now, that's something we 
can use. What this has all 
boiled down to is the fact 
that if our assumption about 
A X F being large is true, 
then the output does not de¬ 
pend on the actual gain of 
the amplifier at all! As long 
as the gain of the amplifier 
(A) is large enough to make 
A X F much bigger than 
one, the output of this 
whole gadget will depend 
only on the input and the 
gain of the feedback path, F. 
The gain of that path might 
actually turn out to be a 
loss; if F is one-fifth, then 
V out will be five times the 
amplitude of V in regardless 
of the actual gain of the op 
amp we use to build it! 

What's actually happen¬ 
ing here is that we're com¬ 
paring a part of the output 
to the input and getting a 
signal (V a ) which is a mea¬ 
sure of how far off the out¬ 
put is from the desired 
signal. V a is an "error volt- 



Fig 5. An inverting amplifier. 

age." If Vout were an exact 
copy of Vj n , just five times 
bigger, and we compare Vj n 
with one fifth of V^t, we 
would expect an error volt¬ 
age of zero. This is how 
negative feedback controls 
the output of the stage. 

As an example, look at 
Fig. 4. Here, F is one; all of 
the output is being fed back 
to the input. This says that 
the output will be an exact 
copy of the input. This cir¬ 
cuit, called a non-inverting 
buffer, is useful for picking 
off a sample of a certain sig¬ 
nal without loading down 
that signal's source—re¬ 
member, the op amp has ex¬ 
tremely high input imped¬ 
ance. If you'd rather get an 
inverted version of the 
signal, you can use the in¬ 
verting amplifier circuit of 
Fig. 5, with R1 = R2. (Ac¬ 
tually, Fig. 4 is a special case 
of the non-inverting amplifi¬ 
er shown in Fig. 6—it just 
has R2=0 and R1 infinite.) 

Figs. 5 and 6 show how 
feedback is applied for the 
cases of inverting and non¬ 
inverting amps. Fig. 6, the 
non-inverting amp, is prob¬ 
ably the easiest to under¬ 
stand: R2 and R1 form a 
voltage divider and the volt¬ 
age across R1 is what is com¬ 
pared to the input So, for 
this case, the F of our earlier 
equations is simply the volt¬ 
age divider, and we can 
write Equation 7. 

Equation 8, a rearranged 
Equation 7, is the usual way 



Fig. 6. A non-inverting ampli¬ 
fier. 


of expressing the gain of this 
configuration. The inverting 
case is a bit more difficult to 
see since the feedback isn't 
in series with the input sig¬ 
nal. But if you think of it 
in terms of current—the 
amount of current required 
through R2 to produce the 
same drop as a given 
amount through R1 —then it 
looks like F will simply be 
the ratio of these resistanc¬ 
es, and we get Equation 9. 
The minus sign shows up be¬ 
cause this is an inverting 
amplifier—V out is reversed 
from Vj n . Notice that these 
circuits give us a quick and 
easy way to build voltage 
amplifiers with gains set 
simply by the proper selec¬ 
tion of resistor values. 

There are a couple of 
other things we can do with 
the inverting amp that you 
might be interested in. Since 
the gain is set by the ratio of 
the two resistors, we can use 
the circuit of Fig. 7 as a mix¬ 
er. The output will be the 
sum of the input signals add¬ 
ed in proportion to the ratio 
of their input resistor and 
the feedback resistor (see 
Equation 10). The input re¬ 
sistors might even be vari¬ 
able, as in Fig. 8, so that you 
can change the level of each 
signal simply by adjusting 
the proper potentiometer. 
This circuit could form the 
basis for an audio mixer for 
your home-brew PA system. 



Fig. 7. An inverting amplifier used as a mixer. 
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Fig 8. Make the input resistors variable and you have the 
beginnings of an audio mixer. 


Fig 9. A differential amplifier. 



Fig. 10. A simple active filter. 



Fig 11. A peak-detecting circuit. 


Another interesting use whose output depends on 

for the op amp is the dif- the frequency of the input 

ferential amplifier shown in signal —in other words, a 

Fig. 9. This circuit's output is filter. Active filter design is a 

related to the difference of topic which can (and has) 

the two input signals, VI and filled textbooks, but Fig. 10 

V2. Note that the corres- shows a sample circuit to 

ponding resistors on either demonstrate the op amp's 

side of the circuit are equal in use in this area. Active filters 

value—R2A equals R2B. turn out to be much simpler 

etc. The amplitude of the to design and build than 

output is still set by the ratio their passive counterparts, 

of the resistances, and is ex- due to the ease of isolating 

pressed in equation II. This sections of the filter and the 

circuit can also be used for elimination of the need for 

level shifting, if one of the inductors, 

inputs is fixed to a reference 

voltage. A couple of applications 

But why limit ourselves to show some other uses of the 

just resistances in the feed- op amp's characteristics, 

back loop? If we use some Fig. 11 is a peak-defecting 

reactive components in this circuit Here, the capacitor 

path (capacitors and indue- charges to the peak voltage 

tors) we should be able to present at the input and 

come up with a circuit stays there since it has no 
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place to discharge. Remem¬ 
ber, the input impedance of 
the op amp is very high, so it 
doesn't present much of a 
path for discharging the 
capacitor. 

You should recognize the 
way the op amp is con¬ 
nected here—it's just the 
buffer from Fig. 4. One 
might place a resistor across 
the capacitor so that the cap 
will eventually discharge. 
The bigger the resistor, of 
course, the longer the cap 
will take to discharge and 
the closer the output will re¬ 
main to the peak value This 
circuit can be useful in 
tailoring meter responses, 
such as slowing down the 
response of some of the new 
bar-graph displays so that 
you can follow them more 
easily. 

This should give you 
some idea of how to use the 
op amp for various jobs, and 
maybe already you can 
think of some applications 
for the circuits I've shown. 
There are, though, a few 
practical considerations to 
keep in mind. 

First, the op amp usually 
will require both positive 
and negative supply volt¬ 
ages (though not always — 
see National Semiconduc¬ 
tor's Linear Databook and 
Linear Applications Hand¬ 
book). These supply volt¬ 
ages must not exceed the 
rating for the part you're us¬ 
ing and will always limit the 
maximum amplitude allowed 
for the output Make sure 
you're not asking for so 
much gain that you'd ex¬ 
ceed this limit, or the output 
will clip at the maximum. 

Also, while most modern 
op amps include some form 
of current limiting on the 
output try not to use it 
Keep your circuits running 
so that the op amp is run¬ 
ning well within its max¬ 
imum current-limit spec. 

You should also be aware 
of the bandwidth and slew- 
rate limitations of the part 
you're using. Slew rate, usual¬ 
ly expressed in something 
like volts per microsecond, is 


a measure of how fast the 
output voltage can change. 
This will determine how well 
the op amp can track signals 
at high frequency. 

Compensation is another 
subject that often comes up 
for discussions of op-amp 
circuits. Here, I'm going to 
have to refer you to the 
manufacturer's data sheet 
for the op amp you're using 
Some parts are internally 
compensated, while others 
will require that some exter¬ 
nal components (usually a 
resistor and capacitor in 
series) be added for compen¬ 
sation All compensation 
means is that the frequency 
response of the amplifier is 
being adjusted to ensure that 
it will operate properly over 
the desired frequency range 
This can be tailored to suit 
the application, but for now 
you're safest sticking with 
the recommended compen¬ 
sation for the part you're 
using. The 709, for example, 
wants around 2000 pF and 
1.5k Ohms in series across 
its compensation leads; the 
741 is internally compen¬ 
sated and needs no external 
components. 

As with most ICs, supply 
bypassing is always a good 
idea—and don't forget 
you've got two supplies to 
worry about. A ceramic 
capacitor from each supply 
lead to ground, say around 
0.1 uF, should be about 
right. You might want to add 
more, maybe a 10- or 20 uF 
tantalum if you're a good 
distance from the filter caps 
in your power supply or if 
you run into noise or oscilla¬ 
tion problems. 

The applications for the 
operational amplifier are 
practically innumerable — 
so go right ahead and see 
what you can do with your 
own version of Op Art ® 
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Put the DX World on a Screen 

Everything you need to know about a country can be at 
your fingertips. All you need is a VIC-20 and this program. 


H ow many times have 
you been sitting at 
your receiver listening to the 
DX come in when you sud¬ 
denly heard a prefix that 
you couldn't identify at all? 
Well, if you own a VIC-20 
with at least an 8K expan¬ 
sion cartridge or an Apple II 
Plus, your worries are over. 
With this program, all you 
have to do after loading it is 
enter the prefix at the key¬ 
board and a variety of 
pieces of helpful informa¬ 
tion will appear on your 

Immediately available to 
you will be the name of the 
country, its latitude and 
longitude, prefix, antenna 
bearings, and distance in 
miles and kilometers. At the 
touch of another key, the 
computer will check for any 
other country listed by the 
same prefix. If you still are 
unsure of the location of the 
country, the computer can 
indicate which countries 
border the one in question. 

In the Apple program, 
many of the major cities in 
the United States and 
around the world are includ¬ 
ed in the data so that you 


can determine exactly how 
far it is to New York, Denver, 
Colorado, or even Paris, 
France In the program for 
the unexpanded VIC, only 
major US cities have been 
included in the data A use¬ 
ful feature of this program is 
that the user can customize 
it for individual needs. If 
you are a VHF enthusiast, 
you can enter cities located 
within your listening radius. 

Adaptability 

The locator program can 
be adapted to almost any 
size of memory from the 
VIC-20's small 3.5K to the 
Apple II Plus with its 48K. I 
have found that in order to 
get all the prefixes in the 
world excepting the US, one 
needs at least 11773 bytes, 
or 12K of memory. 

With this program, bear¬ 
ings and distances can be 
figured by the latitude and 
longitude on the keyboard. 
In this mode, the computer 
can perform a search and 
identify the countries locat¬ 
ed around your coordinates. 
Another feature of this pro¬ 
gram is that if you enter the 
name of a country or island 
on the keyboard, the com¬ 


puter can tell you where the 
country is, its prefix, anten¬ 
na bearing, and distance. At 
the touch of a key, the coun¬ 
try's alternative prefix is pro¬ 
vided, if it has one. 

Program Run 

After loading the pro¬ 
gram, type in the RUN com¬ 
mand. At this time you will 
be presented with the fol¬ 
lowing main menu with four 
selections: (1) Country or 
City, (2) Prefix, (3) Latitude 
and Longitude, and (4) Quit. 

For our first example, let's 
take selection (1). Key¬ 
strokes: 1<RET>. Now you 
will be asked to enter the 
name of a country or city. 
Enter the name of the coun¬ 
try in question. For our pur¬ 
pose, enter ITALY. Key¬ 
strokes: ITALY <RET>. The 
screen will clear. Then the 
flashing prompt SEARCH¬ 
ING DATA will appear. If 
the information is not 
found, the screen will clear, 
a prompt will say END OF 
DATA, and the program will 
return you to the main 
menu. If the data is found, 
the screen will clear and the 
information will appear. 


First will be the name of 
the country. Next will be the 
latitude and longitude, fol¬ 
lowed by the prefix, antenna 
bearings, and the distance in 
miles or kilometers. At the 
bottom of your screen will be 
the prompt (F7)=SEARCH 
DATA OR HIT ANY KEY. If 
you press any key, you will 
return to the main menu. If 
you press the F7 key, the 
computer will search for any 
other listings for the country 
entered. If there are none, 
the program will return to 
the main menu. If there is 
another prefix, the alterna¬ 
tive prefix and the country's 
data will be provided. 

Now let's go back to the 
main menu again. Let's pick 
the second selection. Key¬ 
strokes: 2<RET>. You will 
now be asked for a prefix 
For our example, let's use 
TT. Keystrokes: TT<RET> 
Again the screen will go 
blank and the prompt 
SEARCHING DATA will ap¬ 
pear. When the data is 
found, the prompt will stop 
flashing, the screen will 
clear, and the information 
for the Republic of Chad 
will appear. If you press the 
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F7 key, the computer will 
search for any other coun¬ 
tries listed by the prefix 
TT. Finding none, the com¬ 
puter will return to the main 
menu. 

For the third selection, 
keystroke 3<RET>. The 
screen will clear and then a 
prompt will appear asking 
for latitude. If it is a north 
latitude, enter the number 
as a positive number. If it 
is a south latitude, enter 
it as a negative number. For 
example, let's use negative 
45 degrees. Keystrokes: —45 
<RET>. If you enter a num¬ 
ber larger than 90 or less than 
negative 90, you will get an 
error message and be asked 
for the information again. 
The program, as we say in 
computer language, will not 
crash. 

After you have entered the 
latitude and pressed the Re¬ 
turn key, another prompt will 
appear requesting the longi¬ 
tude. Enter east longitude as 
a positive number and west 
longitude as a negative 
number. For our example, 
enter a positive 120 degrees. 
Keystrokes: 120<RET> The 
computer will not accept any 
number larger than a positive 
180 or less than a negative 
180. A prompt will appear to 
ask you if your data is correct 
Enter either a 1 for Yes or 2 for 
No, If you type a 2, the pro¬ 
gram will ask you for the cor¬ 
rect latitude and longitude. 

Our data is correct so you 
can press 1. The screen will 
display the latitude and longi¬ 
tude, the antenna bearings, 
and the distance in miles to 
the coordinates you have 
entered. At the bottom of the 
screen you will find the 
prompt (F7)=SEARCH DATA 
OR HIT ANY KEY Any key 
will return you to the main 
menu. If you press the F7 key, 
this screen will first clear and 
this prompt will appear. I 
WILL SEARCH MY FILE FOR 
DATA ON LOCATION NEAR 
YOUR COORDINATES. 
HOW WIDE OF SEARCH IN 
DECREES? You can enter any 
number between 1 and 360. 
Let's enter 20. Keystrokes: 
20<RET>. The computer 
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will go through its data file 
and locate any coordinates 
within 20 degrees of the 
search area. If the computer 
finds any country around the 
entered coordinates, it will 
stop the search and print the 
data on the screen. If you 
press the F7 key again, it will 
continue the data search for 
another country around your 
coordinates. When the pro¬ 
gram comes to the end of the 
data file, the screen will clear 
and the prompt END OF 
DATA will appear and return 
you to the main menu. 

The last selection on our 
menu is number 4. I do not 
think this needs any expla¬ 
nation. 

Now that we have been 
through the programs, let me 
point out a few things. First 
when entering a city or coun¬ 
try name, it must be spelled 
correctly. If the country in 
question is an island, it 
needs to be entered as such, 
e.g., CAICOS IS. Secondly, 
when entering south, north, 
east or west there should 
be no space between the ab¬ 
breviation, the period, and 
the name, eg., W.SAMOA. 
Whenever the word Saint is 
used, it should be abbrevi¬ 
ated as ST, e g.. ST. VINCENT 
IS. This is done to conserve as 
much memory for data state¬ 
ments as possible 

I chose Basic for the pro¬ 
gram because of the lan¬ 
guage adaptability, and this 
makes it easy for the user to 
customize the program for 
special needs. A big gun DX- 
er may want prefixes from a- 
round the world while the 
net operator may want only 
cities across the nation. 

The program design is as 
simple as I could make it to 
accommodate a lack of 
memory. Rewriting the pro¬ 
gram for the Sinclair, Atari, 
or the TRS computers 
should not be difficult. As 
you look through the listing, 
you will notice a few special 
characters. These generally 
concern the screen display. 
For a definition of some of 
the VIC special characters, 
refer to the sample run 
accompanying this article. 


For a look at how the pro¬ 
gram works, start at line 10. 
Line 10 is where the main 
menu is printed. Line 24 is a 
very important line This is 
where the user puts his infor¬ 
mation concerning his lo¬ 
cation. CLR will clear all var¬ 
iables. RESTORE returns the 
data pointer to the start of 
the data statements. The 
variable A is the latitude of 
the user's QTH. LI is the 
variable for the user's longi¬ 
tude and SP$ is the name of 
the user's city and state. Line 
25 is the input line for your 
selection from the main 
menu and line 26 sends the 
program on its way. 

Line 50 is the start of the 
routine for entering the 
name of the city or country. 
C$ is the name of the coun¬ 
try we are looking for. Line 
55 is the gosub that sends 
the program to the read 
statement and a line of data 
is then read. After the data is 
read and the variables Z$ 
prefix. L$ name of the city or 
country, B latitude, and L2 
longitude are filled in, then 
the program compares the 
L$ and the C$. If the L$ and 
C$ are the same, the pro¬ 
gram goes to subroutine 500 
and then to line 200, the dis¬ 
play routine. If the variables 
are different, the computer 
reads another line of data. 

Line 57 checks to see if all 
data has been looked at If it 
has, the program goes to line 
250 and does an end-of-data 
routine. Lines 60 through 64 
work the same as lines 50 
through 58 except that the 
variables H$ and Z$ are 
compared for a match. 

Lines 70 through 84 are 
the routine for entering the 
latitude and the longitude 
Lines 85 through 110 are the 
area where I put the gosubs. 
Line 85 is the error message 
for whenever the user inputs 
data the computer cannot 
use. Line 100 is the flashing 
SEARCHING DATA prompt 
and the read statement Line 
110 is a delay loop. 

Lines 200 through 227 
contain the routine which 
displays the information 


after it has been processed 
by the math subroutine lo¬ 
cated on lines 500 through 
900. Line 200 prints the 
value of L$. the name of the 
state or country. Line 201 
prints the latitude, B. Line 
202 prints the longitude, L2, 
and line 205 prints the pre¬ 
fix, Z$ Line 210 prints anten¬ 
na bearings, R2, derived 
from the math routine Line 
215 prints the name of the 
starting point, home QTH, 
and the distance in miles 
from SP$. Line 220 prints the 
distance in kilometers from 
SP$. Line 224 prints the 
prompt at the end of the dis¬ 
play, (F7)=SEARCH DATA 
OR HIT ANY KEY 

At this prompt, the pro¬ 
gram waits for you to press a 
key. If you press the func¬ 
tion key, F7, the program 
will go into the search 
routine depending on what 
selection you choose from 
the main menu. Lines 227 
through 230 take care of this 
function. If you press any 
other key, the program will 
return to the main menu, 
line 232. 

Lines 235 through 244 are 
the search routine used for 
main menu selection num¬ 
ber 3, the latitude and longi¬ 
tude. Line 239 checks for the 
end of data. Lines 240 
through 243 filter the value 
of the latitude and longi¬ 
tude read in the data state¬ 
ment. If all conditions are 
met, the value of the vari¬ 
ables is filled from the math 
routine (lines 500 through 
900) and forwarded to the 
display routine. Line 250 is 
the executed line whenever 
the data read statement 
reaches the end of the data 
(line 3000), 

Math Routine 

The math routine was de¬ 
rived from two sources, the 
ARRL Antenna Handbook 
and a math routine used 
in a program published in 
The Ciant Book of Computer 
Software (1st Ed., pp. 264- 
265). I made a lot of changes 
in order to save memory, 
but basically it works the 
same. The math routine is 




performed only when there Line 500 converts A to ra- 
is a match between what is dians. Lines 510 through 545 
input by the operator (lines determine the value of Land 
50 and 60) and what is read send the program to the cor- 
in line 100 or when latitude rect place as determined by 
and longitude are entered, that value. The variable X is 
main menu selection num- used to test the value of L. 
ber 3 (lines 70 through 84). The first part of line 610 con- 






























































Typ»: RUN 

Display ’’MAIN MENU** 

HOW DO YOU WANT ME 

1.. COUNTRY OR CITY 

3.. LAT. & LONG, 

4.. QUIT 
Typs; 1<RET> 

Display: ENTER COUNTRY OR CITY. 

Typa: ITALY<RET> 

Display: SEARCHING DATA 
Display: ITALY 

LATITUDE 42 
LONGITUDE 12 
PREFIX; I 
BEARING: 38 

DISTANCE FROM OGDEN, 


8171 KILOMETERS 
(F7)» SEARCH DATA OR 

Typa: (Function key F7 is located 

on the lower right side of 

Display. SEARCHING DATA 
Display END OF DATA 

Display •-MAIN MENU’* 


verts L and B to radians. The 
remainder of line 610 com¬ 
putes the distance angle, 
looks at its value, and 
checks to see if it is positive. 
If P2 is less than 0, 180 is 
added to its value (line 645). 

After P2 is taken care of, 
the program moves to line 
650. Line 650 computes the 
distance in miles and kilo¬ 
meters. Line 655 computes 
the bearing angle and con¬ 
verts bearings to degrees 
rounded to nearest tenth. 
Lines 670 and 675 determine 
which quadrant the bearing 
angle is in and adjust the de¬ 
grees. Line 680 makes some 
adjustments to the value of 
B2. Line 690 makes adjust¬ 
ments to the value of R4. 
Lines 710 through 865 per¬ 
form any necessary adjust¬ 


HOW DO YOU WANT ME 
TO LOCATE DATA? 

1.. COUNTRY OR CITY 

Typs: 2<RET> 

Display ENTER PREFIX 

Type: TT<RET> 

Display CHAD 

LONGITUDE 18 
BEARING: 50 

DISTANCE FROM OGDEN. 
UTAH 

7437 MILES 
11868 KILOMETERS 
<F7)« SEARCH DATA OR 
HIT ANY KEY 
Type: (Any key) 

Display (Returns to the main 

Display ”MAIN MENU” 

HOW DO YOU WANT ME 

1. COUNTRY OR CITY 

2.. PREFIX 

3.. LAT. & LONG. 

Type: 3<RET> 

Display LATITUDE? 


Type: -45<RET> 

Display LATITUDE? 

LONGITUDE? 


Type: 120<RET> 

Display LATITUDE? 

? -45 

LONGITUDE? 

? 120 

IS YOUR INPUT COR¬ 
RECT? 

Type: 1<RET> 

Display LATITUDE -45 

LONGITUDE 120 

BEARING: 246 
DISTANCE FROM OGDEN, 

8864 MILES 
15874 KILOMETERS 
(F7) = SEARCH DATA OR 
HIT ANY KEY 

Type. (Function key F7,| 

Display I WILL SEARCH MY FILE 
FOR DATA ON LOCATION 
NEAR YOUR COOR¬ 
DINATE 

HOW WIDE OF SEARCH 
IN DEGREES? 


Sample run. 


ments to the value of R2, the 
bearing angle, and send the 
program to line 900. This is 
the RETURN statement used 
to send the program back to 
the main program after per¬ 
forming the subroutine. 

I have not gone into a 
great deal of explanation of 
the math routine as the pur¬ 
pose of this article is not to 
explain the geometry. If you 
would like a better explana¬ 
tion of this subroutine, I sug¬ 
gest you consult the ARRL 
Antenna Handbook or any 
other advanced math book 

Conclusion 

I hope this program can 
be of help to some of you. I 
have used it a lot I have 
needed to make some sim¬ 


ple changes in the data 
statements, but I have 
attempted to keep the pro¬ 
gram simple enough so that 
changes can be made easily 
I know that this program will 
have to be updated occa¬ 
sionally. I used the most cur¬ 
rent information available. 
Most of the locations are 
figured to the center of the 
country, give or take a de¬ 
gree. Most of the small is¬ 
land latitudes and longi¬ 
tudes have been taken to 
the tenth of a degree to 
make the data very accurate. 

If you find that you do 
not have the time to type in 
the program, I will send it to 
you on tape for the VIC. The 
cost is $5.00, and I need to 
know the amount of mem¬ 


Typ«; 20<RET> 

Display SEARCHING DATA 
Display AUSTRAUA 
LATITUDE -25 
LONGITUDE 130 
PREFIX: VK 
BEARING: 268 
DISTANCE FROM OGDEN, 

8780 MILES 

14130 KILOMETERS 

(F7) sa SEARCH DATA OR 

Type: (Function key F7.) 

Display SEARCHING DATA 

Display AUSTRALIA 
LATITUDE -25 
LONGITUDE 130 

BEARING: 268 
DISTANCE FROM OGDEN, 
UTAH 

8780 MILES 

14130 KILOMETERS 

(F7) = SEARCH DATA OR 

Type: (Function key F7.) 

Display: SEARCHING DATA 
Display: END OF DATA 
Display (Program returns to main 


ory you have. I also have 
this program for the Apple II 
Plus and the VIC-20 on disk 
for $9.00. (Checks should be 
made out to me at my ad¬ 
dress, above.) If you do take 
the time to type it in and run 
into trouble, write to me de¬ 
scribing the problem you 
are experiencing and I will 
try to correct it. I know that 
no program is perfect. 

There are many things 
that can be done to spruce 
up the program, especially 
the Apple version. My main 
goal was to keep it as simple 
and efficient as possible, but 
you can have some fun try¬ 
ing to spruce it up a little 
You can always add more 
data as you expand your 
memory configuration Have 
fun and good lucklB 



i hameg oscilloscope □ 

IjSfH COMPLETE 

jl|H WITH PROBES 1 . 


l^gyigl 


■ 
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73 INTERNATIONAL 


world. In this collection 
ports from our foreign 
spondents, we present the lat¬ 
est news in DX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams in other 
countries. 

It you would like to contribute 
to your country's column, write 
to your country's correspondent 
or to 73: Amateur Radio’s 
Technical Journal, Pine Street, 
Peterborough NH 03458. USA, 
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Convert the Oddball 
Hy-Gain Board 

Some of these boards have two crystals and some have three. 
Now you can put them all on 10-meter FM. 


R ecently, the popularity 
of the Hy-Gain surplus 
boards has been tremen¬ 
dous However, there are 
several types of these 
boards on the market to¬ 
day, and each type requires 
a different method of at¬ 
tack, The 1-crystal model 
with the PLL-02 phase- 
locked-loop c hip has been 
well disc ussed in a previous 
article 1 I he board I am go¬ 
ing to discuss is the board 
with the part number 
PTBM051AOX, available 
from Surplus i. lectronics 
l orp •' 

The major differences 
with this board compared 
with the other Hy-Cain 
boards is the 2-crystal ap¬ 
proach The third offset 


crystal has been eliminated 
so that all frequencies are 
generated by the 10 24- 
MHz reference crystal. The 
other crystal. 10.695. is used 
to offset the synthesizer/ 
mixer output by the amount 
of the receiver first i-f 
This presents three prob¬ 
lems, First, with this mixing 
process, the PLL program¬ 
ming is upside down That 
is, if you increase the di- 
vide-by-N, the frequency 
goes down, and since a pre¬ 
requisite of any of my 
10-meter FM conversions is 
a direct frequency readout 
system, this makes it a bit 
difficult The second prob¬ 
lem is that you cannot de¬ 
cide what divide-by-N 
equals which frequency 
This is decided for you The 



A top view of the radio. Notice the mounting of the three 

added hoard s 


third problem is the odd 
5-kHz output frequency By 
that I mean that when this 
conversion is made, we 
want the operating frequen¬ 
cy of the transceiver to be 
29 600 MHz. not 29.595 or 
29605 MHz So a change 
will have to be made there. 
All that is done here is to 
raise the reference frequen¬ 
cy slightly, making each 
channel a few Hertz more 
than 10-kHz channel spac¬ 
ing. 

Circuit Description 


The FM detector/squelch 
board (see Fig. 1) consists of 
one 1C and two transistors 
and is designed to interface 
the CB board easily The 
2111 1C is a common 1C that 
is used in television receiv¬ 
ers and scanners This chip 
provides the i-f limiting and 
the quadrature detection 
necessary for FM detection. 
Transformer T01 is tuned to 
455 kHz, and the transform¬ 
er can be obtained from an 
old transistor radio. The pri¬ 
mary winding is used. 


There will be three added 
circuits to the original 
board. Those are the FM de¬ 
tector/squelch board, the 
modulator board, and the 
frequency-selector board. 


The noise to operate the 
squelch is taken from pin 1 
of the 1C which is before the 
de-emphasis capacitor, 
C01 The noise is filtered 
and amplified by the two- 



This is a bottom look with the cover removed. Next to the 
piece of electrical tape is the connection to the input of the 
FM detector/squelch board. 
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transistor circuit, and the 
output is applied to the 
base of the audio switch in 
the receiver (Q13) The in¬ 
put at C02 is taken from the 
secondary of the last i-f 
transformer through a short 
length of RG-174 coax The 
volume and squelch pots 
are front-panel-mounted 
The easiest board to con¬ 
struct is the modulator 
board (see Fig. 2). The input 
is taken from the audio out¬ 
put chip in the receiver On 
receive, this line is shorted 
to ground, causing the mod¬ 
ulator to be disabled. The 
gain pot provides audio 
voltage to the diode clip¬ 
per, which clips the audio 
peaks to approximately 12 
volts p-p The deviation pot 
selects which portion of this 
clipped audio is to be ap¬ 
plied to the vco. This pro¬ 
vides for direct FMing of 
the transmitter 

The third board is the fre¬ 
quency selector board 
There are three controls on 
the front panel. There are 
two single-pole, 10-position 
switches, 29.50-29 59 and 
29.60-29,60 MHz. There is 
also a three-position toggle 
switch (SPDT C-O), used so 
that either 29.50-29.59 
MHz simplex, 29.60-29,69 
MHz simplex, or 29.50- 
29.59 transmit and 29.60- 
29.69 MHz receive can be 
selected. The last combina¬ 
tion is for repeater offsets. 

A look at the frequency 
selector board circuit (see 



Fig. 1. FM detector/squelch board. Capacitors are in uF, 25 volts disc ceramic unless other¬ 
wise noted. Resistors are 'A W. 



Fig. 2. FM modulator board. 


Fig. 3) shows a diode matrix 
and a two-transistor circuit. 
The two transistors select 
which of the two single¬ 
pole. 10-position switches 
gets the 5 volts The switch 
that gets the 5 volts is the 
switch that is active for fre¬ 
quency selection. 

The steering for this cir¬ 
cuit comes from board pin 
12, which is operated by the 
PTT. This pin is high on re¬ 
ceive and low on transmit. 
This is what happens: With 
the SPDT C-O switch in the 
center-off position, the 
29,60-29.69 selector gets 
the 5 volts on receive and 
the 29.50-29 59 on trans¬ 
mit By switching the SPDT 
C-O switch to one of the 
two other positions, the 
switching from pin 12 is dis¬ 


abled and locks up to a cer¬ 
tain 10-position switch in 
transmit and receive 
The diode matrix pro¬ 
grams the PLL-02 1C in the 
radio. On the right of the 
frequency selector circuit 
are the binary weight values 
for the PLL-02 1C, along 
with the pins to which the 
wires must be connected 
Along the top are listed the 
total binary weighting 
values for the various 


switch positions. Next to 
the switch positions are the 
last two digits of the 
operating frequency, The 5 
volts to operate this circuit 
is brought from a 5-volt 
regulator which is part of 
the Hy-Cain board. 

Construction 

First, a few modifications 
to the Hy-Cain board must 
be done Connect board 
pins 38 and 39 together. Re- 
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SOCIAL EVENTS 


























































































































































HAM HELP 


- * SLEP SPECIALS 


CORRECTIONS 


♦ AOW10r» 61ttT. w 
| AOJSI2 ITTl' film, 
i? MM 28C hmihrid m* 


••• HENRY LINEAR TUBE AMPLIFIERS 



* GO VHF/UHF DX WITH A HENRY SSB/CW AMPLIFIER 


P.0. Box 95-55 Railroad Ave. 

(914) 947-1554-1555 Gamerville. New York 10923j 


I Step Electronics company i 
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NEW PRODUCTS 


meriting using a microphone. It has made Software Protection Devices. Inc., a di- 

learning Basic computer language over vi9 , on of Wayne Green Enterprises, has in- SATELLITE RECEIVER Engineers, 1924-E West Mission Road E$~ 

the air and retransmitting the Space Shut- (reduced Copyrlghter. a hardware based Lowrance Electronics of Tulsa. Otnaho- cood/do CA tXOB; tem747-3343. 



C. Electronics’ ATV unit. 


Triband beams fre 
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ON LANGUAGE 



































































































John Edwards KI2U 
PO Box 73 

Middle Village NY 11279 
BASIC ELECTRONICS 

I’ve jus! finished looking through the 
IC's new list of suggested questions for 


4) determined by dividing vo 


IQ Unit of force 


THE ANSWERS 

1-3, 2-1. 3-4, 4-1, 5-4, 5-2, 7-2, 8-4, 9-4 

Element 2 . 

1-H, 1-E, 2-D. 4-B. 5-K. 6-a 7-J. 8-A, 9-1 
10-C. 

Elements: 


the capacitor to be charf 
Incidentally, “daraf" Is fa 

2—True Not to be confused * 


3—False By studying its waveform. I 
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Tripleconver 


Table 1. Gene 
System. 
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version of this kit is still available from puterized RTTY. Lester L Johnson AH6AA ly priced machine (so that that is where or HP Professional class, not VIC or Atari 
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Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 

ARIZONA QSO PARTY 
Starts: 1800 GMT February 4 
Ends: 0600 GMT February 5 


50 QSOs. Entries may designate one club 
with which they are participating. 
Deadline tor Individual entries to be 
received Is March 4. 

Club entries should be submitted by a 
club officer with a summary ot callsigns 
and claimed scores. To be counted to¬ 


ons point; ti P lier ,or South Carolina stations is the 
number of lries worked. Others multiply QSO points 


EXCHANGE: 

RS(T) and state, province, DXCC coun¬ 
try, or Arizona county. Novices and Tech¬ 
nicians also sign IN or IT respectively. 


N7BUP, 1890 West Paseo Cuenca, Tucson 
AZ 85704. 

ZERO DISTRICT QSO PARTY 
1900 GMT February 4 to 0100 
GMT February 5 and 1500 GMT 
February 5 to 2400 GMT 
February 5 

Sponsored by the Davenport Radio 


be awarded for high scores In each ARRL AWARDS: 

section, DXCC country, NovicerTechnl- Certificates to top-scoring station in 
clan class, and mobile categories. each South Carolina county, stale, prov- 
Results and a participation certificate will ince - antl Dx country. Novices and Techni- 


Include a summary sheet with your en- 
SOUTH CAROLINA QSO PARTY try showing scoring and other Informa- 

Starts: 1800 GMT February 4 | ion - lndic , a,e each new mul,i P |ie ; v° ur 

Ends: 2359 GMT February 5 2 °*™* TndicateciasTonenlry 



points per QSO with Novice or Technician (CW ai 


AWARDS 

Certificates for the highest-scoring sta¬ 
tion in each category: Arizona, non- 


tries must consist of at least 5 individual 
entries to be eligible. Club residency is de¬ 
termined by mailing address. 
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CALENDAR 


South Carolina QSO Party 
Arizona QSO Party 
Vermont QSO Party 
Zero District QSO Party 
New Hampshire QSO Party 
Dutch PACC Contest 

YL-ISSB Commo System QSO Party—Phone 

ARRL DX Contest—CW 

America Radio Club International DX Contest 

CO Worldwide 160-Meter DX Contest—SSB 

RTTY World Championship Contest 

ARRL DX Contest—Phone 

YL-ISSB Commo System QSO Party-CW 

Bermuda Contest 

Spring QRP CW Activity Weekend 

AS International SSTV-DX Contest 

New Jersey QSO Party 

A5 North American UHF FSTV-DX Contest 

Late Summer QRP CW Activity Weekend 


VERMONT QSO PARTY 
2100 GMT February 4 to 0700 
GMT February 5 and 1100 to 
2400 GMT February 5 

Amateur Radio Club (W1BD). Each station 
mode (CW, phone, RTTY). CW and RTTY 


RESULTS 






















NEW HAMPSHIRE OSO PARTY 
1900 GMT February 4 to 0700 
GMT February S and 1400 GMT 
February 5 to 0200 GMT 
February 6 


YL-ISSB COMMO SYSTEM 
OSO PARTIES 
Phone 

Starts: 0001 GMT February 18 
Ends: 2359 GMT February 19 


degroups given by the Dutch station and 
lhe foreign station worked with. Send logs 


ENTRIES: 

Sample log and summary sheets may 
be obtained from CO by sending a large 
SASE with sufficient postge to cover your 
request, it Is nol necessary to use the offf- 


pants in that country. Certificates will 
also go to winners in each call district of 
JA, LU. PY, UA9I9, VE/VO, VK, W. ZL, and 


SCORING: 

New Hampshire statu 
per OSO. multiplied b; 


DUTCH PACC CONTEST 
Starts: 1400 GMT February 11 
Ends: 1700 GMT February 12 


AMERICA RADIO CLUB 
INTERNATIONAL 
DX CONTEST 

Starts: 0500 GMT February 18 
Ends: 0500 GMT February 20 


RESULTS 


CO WORLDWIDE 180-METER 
CONTEST — SSB 
Starts: 2200 GMT February 24 
Ends: 1600 GMT February 26 

Operating classes include both single 

EXCHANGE: 

HS plus QTH. stale for USA, and prov- 
Ince for Canada. 



the 160 Contest Director, Don Me¬ 
an N4IN, 3075 Florida Avenue, 


3RD ANNUAL 

RTTY WORLD CHAMPIONSHIP 
0000Z to 2400Z 
February 25,1984 


each band Crossmode contacts dt 
count Single-operalor stations may wr 
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COMING ATTRACTIONS 
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W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

lem was not unique, that in¬ 
deed the problem was universal 
and probably at the root of the 
general dislike of cocktail par¬ 
ties. I have a problem there. 
While I may hate meeting peo¬ 
ple and being expected to be 
entertaining on demand, I can't 
stay away from the food. I think 
I'd take a plane to the Shetland 
Islands if they promised me an 
interesting meal. 

Much of my life has been an 
extended diet interspersed with 
fantastic meals which make 
the dieting even more impera¬ 
tive. About ten years ago I got 
fed up, if you'll pardon the ex¬ 
pression, and went on a diet for 
about nine months. I lost 85 
pounds, going from 250 bloated 
pounds down to 165. What an 
un-orgy that was! These days I 
hang around 175, not looking 
too fat, but feeling ten pounds 
overweight and guilty when 
gorging on ice cream, cake, and 
such. 


Getting back to my ego: I 
wonder if my hopes to inspire 
you to greater things come 
across as ego? I delight in get¬ 
ting letters from people who 
have several basic drives: One 
is to educate and another is to 
share my enthusiasms. You 
may have noticed that all of my 
magazines are both educa¬ 
tional and fun—expressions of 
my drives. 

I don't believe that you can 
make all of the money you 
want, I know it. I hate it when I 
get letters complaining that, 
gee, I can't afford your maga¬ 
zine, a new rig, or something. 
What rot! There are so many 
ways to make money these 
days that just about anybody 
who wants to can do it... from 
kids right up to the retired. 

No, if you are going to pursue 
a life goal of swilling several 
thousands of gallons of beer 
and seeing every Monday-night 
football game, you're a loser. 
You don’t get rich very often 
without working hard at it. But 


you have to work with some 
goals In mind. A lot of people 
work their butts off and never 
get anywhere. The brutal fact is 
that, though not by any con¬ 
scious design, this is the nor¬ 
mal pattern. You do have to out¬ 
work the average person to 
make It big. 

Why am I getting ready to in¬ 
vest several million dollars in a 
college? Here we are at a time 
when colleges are going out of 
business all around the country 
and I want to start a college! 
Dumb or shrewd? Well, I think I 
have a plan which will teach 
kids to become entrepreneurs 
and to beat the system. The end 
result will be a bonanza for our 
country and a few thousand 
more millionaires. Everyone 
will win. 

There’s Wayne's ego again? 
Well, perhaps—yet I've gone 
over my idea with the presi¬ 
dents of ten colleges now and 
haven't yet found one who 
doesn't think it will work. I’m 
getting quite a bit of support. 

The average 73 reader is way 
above the average person in 
this country. It isn’t easy to get 
a ham ticket, even with the 
Bash method, so that's a filter. 
And beyond that, the average 
73 reader is another step ahead 
of the average ham just by vir¬ 
tue of his interest in keeping up 
with technology. The ham who 
does not read 73 has far less of 


an opportunity to be a success 
just because he doesn't take 
advantage of this remarkable 
resource. 

From that aspect, I really feel 
sorry for the foreign hams who 
can't afford 73 or who are pro¬ 
hibited from subscribing be¬ 
cause their money can't be sent 
away. 

Most of my time is spent 
these days looking for people 
to help me with my projects. I 
really need help—enthusiastic, 
non-smoking help. My editorial 
a few months ago discussed 
this and resulted in a couple 
hundred letters. Some of those 
people are already here in Pe¬ 
terborough helping me get new 
projects started. 

One enterprise, a franchise 
chain of software stores, is get¬ 
ting started. I have a whole 
new approach to the business 
which should make it possible 
for several thousand people to 
make an awful lot of money. It's 
an ingenious concept that no 
one else has thought of yet, so 
we have a very good chance, 
despite the recent proliferation 
of software stores. 

Software Production Devices, 
Inc., is also moving along on 
schedule. This isn’t my idea, but 
when I saw what two chaps from 
Bangkok had come up with and 
realized how desperately the 
computer industry needs the 
product, it seemed like a good 
investment. Indeed, I know of no 
other practical appoach to soft¬ 
ware protection, and I think I 
know ’em all. 

I have several new magazines 
in mind which are needed, each 
to help a new industry to grow 
just as Byte and Kilobaud 
helped the microcomputer In¬ 
dustry to flower. Magazines 
can’t be started unless I have 
editors, writers, ad sales, cir¬ 
culation, administration, type¬ 
setting, production, photogra¬ 
phy, accounting, data proces¬ 
sing, promotion, and so on. It 
takes about 25 people (mini¬ 
mum) to make a magazine work, 
and between the seven maga¬ 
zines we have now, the two of 
McGraw-Hill, and a half dozen 
others in the area, we've just 
about cleaned out southern 
New Hampshire of available 
talent. Interested? 

A surprising number of the 
people we've been hiring of late 
are hams, fliers, and computer- 
ists—quite a combination for 
success, I suspect. 

And speaking about proj- 



100 73 Magazine • February, 1984 







ects, a chap who used to work 
for me started his own com¬ 
puter mail-order business here 
in town and is already doing 
well over a million in sales per 
year. He started out with a 
small ad in InClder, my Apple 
magazine, and went over the 
million mark In sales the first 
month. I talk with him of¬ 
ten. . .on the street, at the Folk¬ 
way for lunch, or when he stops 
by my office. 

He's a success because he 
did his homework and then had 
the guts to give it a try. The fail¬ 
ures are those who spend their 
time watching TV, gossiping on 


the air, and wasting their lives. 
What a pity! Thousands of 
hams have used the hobby to 
get the technical smarts to de¬ 
velop new products and go into 
business with them. It only 
takes one good idea to make it. 

That's one of my problems. I 
spend a good deal of my time 
staying abreast of the technol¬ 
ogy in communications and 
computers, with the result that 
I have a bright idea a day for a 
business.. .and a terrific idea 
a week. I lack only the people to 

help me make these ideas bear 

fruit. 

A chap from Texas visited a 


few days ago. A ham, of course, 
a flier, and a computer nut. He 
was fascinated to see the high 
energy here, the people all 
working hard and obviously 
having one hell of a time. Sure, 
it's like a rabbit warren, but it’s 
fun and very productive. People 
come here, often with little 
background, and they learn 
fast. Yes, he signed on and is 
moving here. 

He found Just what he wanted 

in a house in a couple of hours 

and is busy moving up here to 
help me start a new magazine. 
He's going to need a bunch of 
people to work with him... what 


are you doing? We're going 
crazy for people to help set type, 
paste up pages, shoot the pages 
into negatives, handle the cir¬ 
culation, and so on. 

One of the new magazines I 
want to start will have as a goal 
the generation of several thou¬ 
sand new hams a year—maybe 
as many as 50,000 or even double 
that. No, I don’t know of any way 
to let you work from home— 
you really have to be here. 

Well, If you are all set with 
what you are doing, at least say 
hello on the air. I get a couple 
hours a week on 20m and my 
ego will be looking for you. 


satelutTs 

V_/ 


PROJECT OSCAR 

Project OSCAR, Inc., has prepared a new set of orbital predictions for the period covering 
the calendar year 1964. The predictions provide the UTC times and longitude for ail southto- 
north equatorial crossings of the 4 Russian satellites carrying Mode A transponders (RS5, 
RS6. RS7, and RS8). In addition, the UTC time and sub-satellite latitude and longitude are 
given lor the apogee of each orbit of AMSAT OSCAR 10 (AO-10). This document, when used 
with the appropriate plotter, allows the user to determine the access limes to ail the pres¬ 
ently available amateur-radio satellites carrying communication transponders. 

necessitates a request for a minimum donation of $10 for mailings to the US. Canada, and 
Mexico {$12 for all overseas mailings). To receive your copy of this set of orbital predictions, 
send a completed maiiing label along with a check or money order payable to Project 
OSCAR Inc., POB 1136, Los Altos CA 94022 The donation covers the cost of first-class 

tinatlons. 


-,?• I CONTACT-BO MARKII 

2 KI1YZ1I TRS-8Q MOD. IIMV 

"RTTY your TRS-80 with CONTACTED!’• 

SOFTWARE FEATURES. DISK & CASSETTE VERSIONS: BAUDOT-ASCll 
MORSE • Morse AUTOSYNC. FIST-FIXER • TRI SPLIT screen • 
’Unlimited" STORED MSG sizes • AUTO BUFFER ALLOCATION • HARD 
COPY • AUTO-ID’mg • TIME/DATED X-miss»ons» NAME-UNE • AUTO 
DIDDLE • Scm COUNTERS^LOCK OSCILLOSCOPE •CLOCK KEYING • 
K/B ROLLOVER-REPEATING KEYS • Fast flexible I/O • Full EDITING using 
“word processing techniques \ 

ADDITIONAL DISK VERSION FEATURES: 

SAVE-LOAD-KILL DIR • AUTO-MONitor • File REVIEW 2-way MSG 
SELCALL, a "PERSONAL MSO" • AUTO LOAD - 

With CONTACT-80 INTERFACE (1*KHz CW Tone DECODER, mates with any 

stand-alone TTY Terminal Unit.).$199 

With MFJ-1224 RTTY/CW COMPUTER INTERFACE, P/S and Royal MFJ 

ADAPTER. A COMPLETE FULL FEATURE SYSTEM! . $239 

Guaranteed • Include Amateur CALLSIGN • POST PAID 

ROYAL,407Conkle Rd.. Hampton, GA30226 ^ t50 Tel.(404)946-9314 


r MOVING? ^ 



miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 

Subscription Department 

/ Amateur Radio's P O Box 931 

# • Technical Journal Farmingdale NY 11737 

□ Extend my subscription one additional year for only $17 97 


u have no label handy, print OLD address here 
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i the SAC contest \ 


J organ LA5UF and Sveln LA3XI were represented among the top ten DXers in Norway 
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J. H. Nelson 
4 Plymouth Dr. 
Whiting NJ 08759 



A = Next higher frequency band may also be useful. 

B = Difficult circuit this period. 

First letter = night waves. Second = day waves. 

G = Good, F = Fair, P = Poor. * = Chance of solar flares. 
# = Chance of aurora. 

NOTE THAT NIGHT WAVE LETTER NOW COMES FIRST. 


February 





1 

F/F 

|2 |3ir 

F/G . F/G G 

b 

6 

7 

8 

9 10 jtl 

GIG 

GIG 

F/F 

F/G 

GIG GIG | F 

12 

13 

14 

15 

16 17 18 

F/G 

P/F 

P/F 

F/F 

F/G j F/G I F 

19 

20 

21 

22 

23 24 25 

F/G 

GIG 

GIG j 

GIG 

GIG F/F P 


27 

F/F 

28 | 

f/f| 

29 

F/F 
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March 1984 $2.50 
Issue #282 


Amateur Radio’s 
lechnical Journal 

□a Wayne Green Publication 



Malpelo—110 


In Search of the Shuttle: 

Fun, Frustration, Fatigue 

From Maine to Hawaii, our special correspondents 
gave W5LFL their best shots. Thank them 


Burbank. California 
W5LFL Contacts 
Saugus. California 
Westbrook. Maine 
Nashua. New Hampshire 
Lansing. New York 
Jacksonville. Florida 
Stone Mountain. Ceorgia 
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NEVER SAY DIE 

editorial by Wayne Green 



VIC CLARK W4KFC 
News that Vic, the president 
of the ARRL, had died of a heart 
attack reached me at Comdex. I 
was very sorry to hear that, for 
Vic was undoubtedly the best 
president the League has had 
In many, many years. Indeed, 
I’d been working with him on 
the FCC’s National Industry 
Advisory Committee just weeks 
ago and he had given me a lift 
to the airport after the meeting, 
giving us a chance to talk in 
private. I had a lot of hopes that 
73 and QST would be able to 
work more closely as a result of 
our talks since it was obvious 
that our end goals were similar. 
Obviously, that wasn't any¬ 
thing I could write about while 


Vic was alive, and it becomes ir¬ 
relevant now that he's a silent 
key. 

What a relief it was when the 
ARRL board elected a presi¬ 
dent with some brains and with 
more of an interest in helping 
amateur radio than basking in 
the glory of being president. Vic 
didn’t see the presidency as an 
honor, but as a challenge. 

He had his hands full, keep¬ 
ing him from being able to 
make fast headway. On the one 
hand, virtually all of the dedi¬ 
cated League old-timers had 
gotten fed up with Baldwin 
when he was General Manager 
and left HQ. And there were still 
far too many CW-forever old- 
timers on the board, fighting 


change at every turn. But de¬ 
spite these serious handicaps, 
Vic was making progress. 

Vic, like past president Herb 
Hoover, Jr., was interested In 
what he could do for amateur 
radio. We've had a serious loss. 

HELLO, COLUMBIA! 

W5LFL went up while I was 
off at the Comdex show in Las 
Vegas, so I missed the first few 
orbits. Comdex is a computer 
show—about 1,400 exhibits and 
5,850 booths this year. That al¬ 
lows about one minute per ex¬ 
hibit—20 seconds per booth if 
one does not eat, rest, or go to 
the bathroom during show 
hours. It does not allow time to 
whip out an HT and try for 
W5LFL 

Since a surprising percentage 
of the successful computer 
firms are run by hams, I had a 
steady stream of 'em coming to 
the Wayne Green booth to say 
hello all through the show. Many 
of these chaps got fired up by 
my editorials back in 1975 and 
1976 when i pointed out that 
hams had an edge in computers 
and that microcomputers were 
going to turn out to be a huge 
business eventually. 

Once back home, I checked 
with the managing editor of 73 
to find out the Columbia orbit 
schedule. Armed with that and 
the frequencies to be used, I 
headed for my ham shack. Split 
frequency can be a problem, but 
fortunately I had the KLM 
OSCAR rig handy. 

The repeater antenna should 
do the job okay. I hooked It to 
the KLM and started looking 
through the pile of microphones 
for the right one. I tried one after 
another with the four prongs. 
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In Search of the Shuttle: 
Fun, Frustration, Fatigue 

From Maine to Hawaii, our special correspondents 
gave W5LFL their best shots. Thank them. 


K6DUE 



O wen Carriott was flying over 
California when I heard him. 
It was his first time on the air from 
Columbia and he was full quieting 
on a hand held with a rubber duck- 
ie. He was over California and I was 
in a hotel room in Nassau Bay. 



Roy Neal K6DUE 


Texas, fifteen hundred miles away. 
It was a moment of incredible ela¬ 
tion. We had done itt After more 
than 20 years of trying, WE HAD 
DONE IT! A ham was operating 
from space and a lot of people had 
made it happen, each contributing 
according to his expertise 

In the beginning when NASA 
first flew its funny little (early) 
satellites, we hams had a field day, 
listening to the signals from space 
and watching orbiting Echo bal¬ 
loons blinking like stars in the twi¬ 
light as we bounced signals off 
their sides. And we amateurs sug¬ 
gested to the then-new Space Ad¬ 
ministration that the Amateur 
Radio Service could form the cadre 
of a ground-based tracking net¬ 
work for all kinds of projects We 
had operators and equipment and 
the will to participate. 

But NASA, in that era, was ex¬ 
tremely bureaucratic. They ignored 
us. Shortly before Alan Shepard 
flew the first manned mission, Col¬ 
onel John "Shorty" Powers spent 
an evening at my home while I 
worked twenty meters. Paths were 
open woridwide that night and he 
talked with stations in Australia, 
South Africa, Europe, and South 
America. Powers took notes that 
night and went back to Project 
Mercury. As its Public Affairs Of¬ 
ficer. he had influence. He recom¬ 
mended formalizing arrangements 
through the ARRL to form an emer¬ 

gency or backup communications 
network with the Amateur Service 

and using beacons on board the 

spacecraft 

The NASA management erf that 

time refused to listen to anyone 

outside the agency That's the same 
management that turned down an 
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offer of a million dollars from the 
television networks at the outset of 
the Cemini Program to be used to 
provide on-board video. We were 
told, "If you want to give a million 
dollars, we can find better ways to 
spend the money " Today, by com¬ 
parison. NASA provides very fine 
television indeed, partly as a way 
of maintaining public interest in its 
budget 

As time went on. Doctor Owen 
Carriott became an astronaut and 
so did Tony England. What set 
them apart from other members of 
the corps was that they were li¬ 
censed amateur-radio operators, 
W5LFL and W0ORE. respectively 

In 1972, Carriott was named to 
fly in Skylab, for two months in 
space. He and a dedicated group of 
hams at what was then the Manned 
Spacecraft Center in Houston ap¬ 
plied for permission to carry ama¬ 
teur radio into orbit Dick Fenner 
W5AVI even figured out how to do 
it technically After all, W5LFL 
would be up there for quite a while 
with enough free time to enjoy a lit¬ 
tle relaxation They were turned 
down again No room for an anten¬ 
na, the possibility of RFI, and lack 
of power on Skylab were cited as 

reasons, but die fact of the matter 
was that no one at NASA was on a 
high enough administration level 
willing to accept the responsibility 
of making a decision. 

As a network correspondent spe¬ 
cializing in aerospace and a pro¬ 
ducer who managed the pool radio 
and TV coverage for the combined 
networks of the world on the Shep¬ 
ard flight and Apollo 12, the second 
flight to the moon, I have known 
most of the principals at NASA. I 
worked with them, covering the 












W5LFL LOG 


If you attempted to reach W5LFL and your callsign is not in 
the first list, look for one resembling it in the list of incomplete 
calls. To claim a contact, send as much information about your 
transmission as possible to ARRL Headquarters, Attn: W9KDR, 
225 Main Street, Newington CT06111—Tnx W9KDR and KB1N. 


AA6S 

AB7C 

AE7Q 

AJ6L 

AL7W 

CE3CKE 

CE3AHD 

DC6SN 

DC6AH 

DC8AM 

DF6UQ 

DG6NAA 

DJ1U 

DK6RX 

DLflDAA 

DL1YCA 

DL9GAK 

DL9MH 

EA3AWD 

EI9RTS 

EI3FI 

F1FVX 

F5AD 

F6AVG 

G4UYL 

G6DEF 

G6EGY 

GM8NXC 

GW60JK 

HH2CX 

I1NRF 

I5FBP 

JY1 

K9UR 

KflRI 

K9RZ 

K1IKN 

K1PAD 

K1PXE 

K2IBP 

K20VS 

K2RIW 

K2TTI 

K3DI 

K3NV 

K3PGP 

K3TC 

K4GFG 

K4JT 


K6LY 

K6MYC 

K6TDR 

K7GU 

K7ND 

K7SMV 

K7UGA 

K8CS* 

K8KNT 

K9BI 

K9HMB 

KA9PGN 

KAflY 

KA2BTD 

KA4WJA 

KA5FPV 

KA6DQZ 

KA7GHR 

KB4CRT 

KB4WM 

KB6AMN 

KB6TN 

KB6V 

KC4P 

KC7EM 

KC8KE 

KD5JH 

KD6LQ 

KD7IY 

KD7RF 

KE5C 

KE6VK 

KE6XJ 

KF9M 

KF4SX 

KF6Z 

KI7L* 

KN9L 

KN2D 

KQ5D 

KQ5W 


KS1S 

KT1U 

KX90 

KX6C 

KY4Z 

KY7B 

N9COX 

N9 IS 

N9LL- 

N2EK 

N4GAN 

N4HY 

N4JBK 

N5BLZ 

N5DDT 

N5EZM 

N6AVR 

N6DD 

N6ECL 

N6JM 

N6NB 

N6QP 

N6RJ 

N7ARE* 

N7BHC* 

N7DOF 

N7WS 

N8DEJ 

N9GA 

NG5P 

NM5I 


NT6G 

OE6WIG 

OE7FRH 

OF2XN 

OH3XA 

OK1DFG 

OKI DIG 

OK1KRA 

OK2BDS 

OK3CGX 

OZ1DPR 

OZ1ELF 

SM2KT 

SM4CLU 

T13DJT 

VE1AFU 


VE1BB 

VE1CAW 

VE1CGY 

VEIOC 

VE1UT 

VE3BNA 

VE3BNO 

VE3KLW 

VE3KRP 

VE400 

VE7BOQ 

VE7CYB 

VK1BX 

VK1DF 

VKIORR 

VK1RR 

VK1ZAH 

VK1ZIF 

VK1ZQR 

VK2KPG 

VK2PMN 

VOIBK 

VOID! 

VOIFP 

VOIFR 

VOIGG 

W9PHD* 

W9PN 

W1AW 

W1PSG 

W2EFL 

W2GDV 

W2JNO* 

W2NQ 

W2PAU 

W3CWG 

W4AQL 

W4BE 

W4KYL 

W4MOP 

W40DW 

W4ROA 

W4WJ 

W5FF 
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W5HTK 
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W5LFG 
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W5PNY 
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W5UN 

W6KH 
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W6YBL 

W6YX 

W7AVD 

W7BGH 

W7ID 

W7KMF 

W7RV 

W7SW 

W7KYN 

W8AC 

W8FQK 

W8GUS 

W8WN 

W9KDR 

WA9VJF 

WA1BAR 

WA1FCK 

WA1JXN 

WA1PSI 

WA2BSH 

WA2CHY 

WA2SEF 

WA2VMS 

WA2WVL 

WA4BEV 

WA4BZJ 

WA4EWA 

WA4GU 

WA4KXY 

WA4LZR 


WA6YBT 

WA7BJU 

WA7DPM 

WA7JUO 

WA7ROS 

WA7UIB 

WABKEM 

WA8MTI 

WA8TXT* 

WB9SWD 

WB9TTW 

WB20NA 

WB4EMI 

WB4YJC 

WB4YUD 

WB5AZI 
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WB5PDW 


WB5VZL 

WB6DEO 

WB6DTR 

WB6GYE 

WB6IDK 

WB6NOA 


WA4PLR 

WA4SBC* 

WA4TNWKL7 

WA5AFO 

WA5DBY 

WA5DXR 

WA5NOM 

WA6CFM 

WA6IUM 

WA6KNR 

WA6PEV 

WA6RLV 

WA6SGK 


WB8PAT 

WB9MSV 

WD9FOY 

WD4FAB 

WD4IYS 

WD4KSN 

WD4RJI 

WD4VCS 

WD5BPB 

WD5IFB 

WD5KBZ 

WD6AUS 

XE1ALQ 

XE1FV 

XE1TU 

XE2RCP 

YU7KN 

YU7MAU 

•Heard on CW 


Orbit 71 
W5U-Z 

WA7-V 

WB5—B— 


K5A— 
Orbit 111 
OE7U— 
DL9— 
HG8—N 
DH9AA— 
Orbit 113 
WA4N— 
K2U— 
Orbit 130 
WA6G— 
K5—V 
WA6— 
WA2VW— 
Orbit 134 
KA7— 

KR8— 


—6E 
K5D— 

—1IX 
Orbit 144 
-XC 
WD4— 
KA1— 

—QG 
—A—A 
—1DCR 
Orbit 145 
—ZPR 


KA— 

—AJW 
Orbit 56 
WA7RV— 
W7Q— 


—YW 
Orbit 146 
W7— 
VE3J— 
Orbit 149 
VE3— 
WB9C— 
Orbit 150 
WA7— 
ADI — 


space program from the day it 
began, but my repeated requests 
and suggestions concerning the 
possible service of amateur radio in 
space fell on deaf ears. While the 
Air Force and the European Space 
Agency provided launch vehicles 
for piggyback rides that put ama¬ 
teur satellites into space, no one 
was able to dent the consciousness 
of the higher powers in NASA until 
the space shuttle. 

With the advent Of the shuttle, 
the door began to open. Space 
should be all things to all people 
and NASA's changing management 
wanted to investigate ways to 
make that happen. 

Among the key men in manage¬ 
ment of the new regime, in charge 
of the shuttle program for the 
Space Administration, was AF 
UCen James Abrahamson "Abe," 
as he is known, is a man of im¬ 
mense imagination with great abili¬ 
ty in the engineering world to get 
things accomplished. He also is one 
of those rare individuals a pub¬ 
lic figure who is willing to expose 
himself frequently to the media 

And so it happened that I was do 
ing a rather routine interview with 
the General last fall, during a mis¬ 
sion During a quiet moment, while 
the camera crew was changing lo¬ 
cations. I launched into one of my 
favorite themes. "Abe." I asked, 
"has anyone ever mentioned ham 
radio on a space shuttle to you?" 

"No," came the answer, "but I'm 
interested. What do you have in 
mind?" 

And so it began We went on 
with the interview; when it was 
finished, we went back to discuss¬ 
ing the Amateur Radio Service. I 
showed him my 2-meter transceiv¬ 
er. We talked for perhaps ten min¬ 
utes, then General Abrahamson 
said. "I like it, Roy. Why don't you 
get a formal proposal together If it 
makes sense. I'll approve it" 

I floated out of the office and. 
quite literally, ran across the cam¬ 
pus of the Johnson Space Center to 
the office of Chuck Biggs KC5RG. 
the Chief of Public Services. We 
called Doug Ward WA5SFY, who is 
Deputy Director of Public Affairs 
at the center. These men had been 
major supporters of the move to 
get ham radio into space over the 
years, and now it was time to start 
moving on what could be the most 
exciting DXpedition of all time. 

We decided that the project 
would require sponsorship to stand 
any chance of approval a nice, 
clean, nonprofit sponsorship such as 
the American Radio Relay League 
could provide. The League and oth¬ 
er advisors at NASA Headquarters 
soon added a partner, the Amateur 
Satellite Corporation, AMSAT, to 
handle technical details in discus¬ 
sions with NASA. 

Vic Clark, that brilliant man who 
was President of the League for too 


short a time, accepted the basic 
concept on my first phone call and 
promised to do his best to steer 
it through League channels We 
talked about a videotaped docu¬ 

mentary to be made under ARRL 
auspices Our NASA friends sug¬ 
gested it would help in getting the 
agency's final approval. For the 
Amateur Radio Service, it would be 
a way of telling everyone in Owen 
Carrion's own words what he was 

trying to do. And, if we also showed 


what ham radio is all about, it 
might even attract the public. 

In November. 1982,1 sent a letter 
to Vic which he took to the Execu¬ 
tive Committee, where it cleared its 
first hurdle, then it went on to the 
Board of Directors where "Ama¬ 
teur Radio's Newest Frontier" was 
authorized and its financing ap¬ 
proved. Dave Sumner K1ZZ ac¬ 
cepted the project as the League's 
General Manager and almost im¬ 

mediately became an enthusiastic 


supporter Dave was another of the 
key figures that guided the project 
and made it happen. 

In California, a group of ama¬ 
teurs w)» are also thorough tele¬ 
vision professionals volunteered 
theit services. Bill Pasternak 
WA6ITF, a master maintenance 
technician at Metromedia in Holly¬ 
wood, became Technical Supervis¬ 
or and Field Producer for the docu¬ 
mentary Alan Kaul W6RCL, NBC's 
Nightly News West Coast Producer, 
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Tynan W3XO for AMSAT and Dick 
Fenner W5AVI for the Johnson 
Space Center put together a draft 
proposal. It was a wonderfully word¬ 
ed document that stressed key fac¬ 
tors. The project, it said, would ap¬ 
peal to the youth of the nation It 
was firmly supported by prestigious 
organizations and made technical¬ 
ly practical by advances in technol¬ 
ogy such as tiny transceivers and 
reliable battery packs that could be 
space-flight qualified 

Duff gave the draft proposal an 
enthusiastic endorsement and for¬ 
warded it to Robert Alnutt. the Act¬ 
ing Associate Administrator for Ex¬ 
ternal Relations. Alnutt endorsed it, 
dependent on "the various con¬ 
straints in operating the shuttle." 
Fie referred the documents to Gen¬ 
eral Abrahamson and to Gerry Grif¬ 
fin. the Johnson Center Director. 
And now we had come full cycle. 

Owen Garriott W5LFL was 
scheduled to fly on STS 9 in the fall 


came together. Peter O'Dell KB1N, 
the League's Public Relations Coor¬ 
dinator, and Bemie Classmeyer 
W9KDR had been brought in to 
handle the intricate details of get¬ 
ting out information to the 
members. 

Vic Clark was there, of course, 
and so was Vem Riportella 
WA2LQQ, President Elect of AM 
SAT. Vem accepted responsibility 
for clearing frequencies. For NASA, 
there was Dick Fenner to describe 
the Motorola transceiver that had 
been chosen and the battery packs 
that would power it Dick de¬ 
scribed a special antenna that had 
been designed and built by the 
hams of the Johnson Center Radio 
Club. R. W. "Bob" Flarris was there, 
representing the Flight Directorate. 
Bob was responsible for putting out 
the orbital tracking information 
that later permitted hams all over 
the world to know when to listen 
for Garriott Charles Chassay repre- 


on the air around the clock, passing 
the latest word on orbits as fast as 
they got the in-flight changes from 
Bob Flarris and Doug Ward. 

The tenth day in space, the 
bonus day, was the best of them all 
Owen worked dozens of stations 
and was heard J>y thousands even 
though orbital information was 

And it was then to this report¬ 
er that the whole flight seemed 
to come into focus. This really was 
a big deal the fraternity of ham 
radio had seen one of its members 
do something exceptional. Owen 
Garriott, astronaut and W5LFL, had 
turned in another flawless per¬ 
formance in space. His fellow 
hams, here on Earth, had begun to 
achieve a little maturity on that 
final day in the places that needed 
to grow up. Most of the high-pow¬ 
ered hogs who tried to ride rough¬ 
shod over their neighbors had final¬ 
ly realized that signals from space 


tact Dr Owen Carriott W5LFL as 
he traveled around the world on 
the spacecraft Columbia. I did hear 
him. In fact I heard him make his 
very first QSO with Lance Collister 
WA1JXN in Frenchtown, Montana, 
about the time Owen was overhead 
on orbit 35, flying down the Pacific 
coastline I was standing in the 
courtyard of Metromedia Square in 
Hollywood where I work, listening 
to 145.55 MHz on an Icom IC-2AT 
hand-held The self-appointed 
"channel cops" were there, jump 
ing on everyone's case if they 
"dared" to say a word on .55. There 
were even a few "touchtone jam¬ 
mers" playing their game, but all 
went away as W5LFL's booming 
signal from 200 km above us totally 
captured the channel. I listened as 
Owen first called CQ and a bit later 
began acknowledging the calls of 
those he was hearing. The output of 
the hand-held was patched to a cas¬ 
sette tape recorder and I to the lat- 



it would not interfere with Owen's 
Spacelab duties. 

Ward, in Houston, was a key 


newest frontier of space and there 
are many more people who played 
key roles and should be mentioned, 



"repeaters in space." Now, sudden¬ 
ly, a man had done what many 
thought would never happen. A 
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I did riot hear any malicious in¬ 
terference, only over-anxious and 
possibly misinformed operation — 
but nothing serious 

My station consists of a KDK 
2016A on two meters with a five- 
element vertical beam up 60 feet 
The turnstile antenna was added 
for this protect On HF. I have a 
Heath SB-104A and a TRS-80 Mod¬ 
el 4 computer with the ROM-116 
interface for RTTY Have been a 
ham for 26 years; am a member of 
QCWA I am retired from the US 
Postal Service. I work a couple 
days a week at a direct-mail ser¬ 
vice For other hobbies. I am an 
avid tennis player, playing three 
times a week year round, and am a 
percussionist in the Portland Com¬ 
munity Symphony Orchestra and 
the S, D Warren Band in West¬ 
brook. Do my own house repairs 
and like to build furniture Of 
course, this computer that I'm us¬ 
ing for this report is also one of my 
hobbies. 

I am 69 years old Having lost my 
first wife in 1978. I was remarried in 
June. 1982. to a very lovely lady 
who was also a widow She had 
eight children and I suddenly had a 
lovely family with five grandchil¬ 
dren We have a very happy life 
We usually go to Florida every year 
for a month or so I have one 
daughter who is also a ham oper¬ 
ator, her call is K1CSF 

Three clippings from the Port¬ 


land papers are the only ones I 
have seen so far. Have not seen any 
local TV coverage, but there could 
have been some that I missed 
The participation by the ama¬ 
teurs in this area was very en¬ 
thusiastic and everyone is hoping 
that they were heard by WSLFL's re¬ 
ceiver I don't know of anyone who 
was acknowledged. 


WB1BRE 





M embers of the Nashua Area 
Radio Club prepared for the 
flight of the space shuttle Colum¬ 
bia for several months. Bob Wolf 
N1ABA and George Murphy K3RQ 
had been very active in working 
amateur satellites for several years, 
and the challenge of working STS-9 
was a natural for them Media in¬ 
terest was building up to the mis¬ 
sion partly as a result of the Gre¬ 
nada situation that occurred about 
a month before the launch. I had 
not really set up anything at my 
home for monitoring the shuttle 
since I planned to go to Bob s 
house during the passes when 
W5LFL was on the air 

I was at Bob’s shack during the 
first pass on Thursday. December 1 


1983. Present were reporters from 
the local papers, the Nashua Tele¬ 
graph and the Manchester Union 
Leader The shuttle came over, and 
with George at the azimuth and 
elevation controls and Bob at the 
2m rig. the call was sent out Unfor¬ 
tunately. Owen was in a news con¬ 
ference at the time of the pass, so 
all we heard was several minutes of 
noise punctuated by people mis¬ 
takenly transmitting on the down¬ 
link. This all was slightly discourag¬ 
ing. but not to worry —there were 
many orbits to go' 

The east-coast pass on Friday 
night (December 2) was to be a 
good one. but this was the night of 
the club annual Christmas party! 
We toyed with the idea of bringing 
a rig to the party, but rejected that 
as a bit of an overkill for a party 
Ceorge K3RQ was coming to the 
party, but he delayed his departure 
long enough to make a try at a pass 

Again, nothing from the space¬ 
craft, but Ceorge was undaunted 
He proceeded to get ready for the 
Christmas party and Ceorge and 
Charlotte made a spectacular 

I received a call from Jack Bur¬ 
nett at 73 informing us that we had 
been selected as one of a group 
across the country to keep a diary 
of our attempts to contact the shut¬ 
tle We were astounded to be in¬ 
cluded in a select group like this I 
discussed this with Bob and George 


and we all suddenly realized that 
we were into paperwork! 

Sunday night (December 4), Bob 
and I joined in the nationwide tele¬ 
conference and really enioyed the 
discussions from around the coun¬ 
try It was exciting to hear how peo¬ 
ple in various states were making 
out with PR and the attempts to 
contact Owen 

I discussed the passes scheduled 
for Monday morning (December 5) 
with Bob and agreed to meet at his 
house to listen to the next attempt 
Sunday night was the first snow¬ 
storm of the season and several 
inches were on the ground by Mon¬ 
day morning. Bob lives about 2 
miles from me via the main high¬ 
way in Nashua. Monday morning it 
would have been easier to reach 
the shuttle! Traffic was tied up all 
over the city and I realized that I 
would never make it through the 
city. I turned around and pro¬ 
ceeded to Bob's house via the 
neighboring town of Hollis But the 
delay had set me back so far that 
by the time I got through Hollis, I 
realized that I would never make it 
to Bob s house in time In despera¬ 
tion, I turned on the old Kenwood 
7400 in the car. hoping that I would 
hear something with the quarter- 
wave whip on the rear deck 

At the appointed time. I sudden¬ 
ly heard "This is W5LFL in the 
spacecraft Columbia calling CQ 
North America ' 
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I damn near drove the car off the 
road! He was full quieting with no 
flutter and no static I listened to 
the whole pass and even put in 

house What a thrill! I was struck by 
the solid link between a spacecraft 
orbiting the Earth 200 miles up and 
a commuter on a back road in a lit¬ 
tle town in New Hampshire 

Wednesday morning (December 
7), I was ready at home with my 
2-meter rig tied to my 6-element 
yagi and a tape recorder ready to 
go. I pointed the antenna south to 
try to catch as much of the pass as 
possible Right on schedule, there 
he came! He was loud and clear 
and I copied three of his transmis¬ 
sions My wife and I shared the 
headset on the tape deck as Owen 
called CQ 

As I tuned around the 10 trans¬ 
mit frequencies listening to the 
local hams calling the shuttle, I was 
struck with a vision of the view 
from the spacecraft if rf energy 
were visible As he passed over a 
given area and made a call for sta¬ 
tions, a blanket of rf energy would 
rise from the surface of the Earth 
and envelop the spacecraft! 

Monday night (December 5). the 
Nashua Area Radio Club had its 
regular monthly meeting at the 
local library On the agenda was a 
short presentation by Bob and 
George on the shuttle activities By 


the time the meeting started, it was 
clear that a lot of people were there 
for the info on the shuttle The 


tapes of the previous passes were 
played and the questions flew thick 
and fast! The repeaters were alive 


with people looking for orbit info 
and frequencies I kept checking 
the articles in the local paper to see 
what immortal statements Bob and 
I were quoted as having uttered! 

The interest in the shuttle activi¬ 
ty is extremely high I took the tape 
of the Wednesday morning trans¬ 
missions into work A small crowd 
quickly gathered to listen to W5LFL 
and was astounded by the clarity 
of the signal. 

Station Equipment 

• Radio; Kenwood TR-9130 mul- 

• Amplifier: TE Systems 1412C. 
ISO Watts output with GaAsFET 
preamplifier 

• Antenna: Cushcraft A144-10T, 
10-element switchable left- and 
right-hand circular polarization 
Antenna is 50 feet and is rotatable 
in azimuth and elevation. 

Station Diary 

August, 7983. Updated W3IWI 
(Tom Clark) Orbital Prediction Pro¬ 
gram to include STS-9 preliminary 
data. 

September 72, 1983: Don Dillaby 
KA1GOZ of the Nashua Telegraph 
conducted interview with myself 
and Ceorge Murphy K3RQ. 

September 73, 1983: Front-page 
article, with picture, appeared in 
the Nashua Telegraph 

October 21, 7983. Follow-up 
story on STS-9 ham-in-space mis- 
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Radio Hams Fail 
In First Attempt 
To Contact Shuttle 


sion was run in the Nashua 
Telegraph. 

October 23, 1983: Virginia 

Wegener of the Manchester Union 
Leader conducted interview with 
myself and George Murphy K3RQ. 

October 30. 1983: Article, in¬ 
cluding picture, appeared in the 
New Hampshire Sunday News 
(Manchester) 

November 28. 1983: 

1400-1420Z Logged into the 
AMSAT bulletin-board system and 
obtained current list of potential 
orbits for W5LFL 
November 30, 1983: 

0200-0330Z. Checked into the 
AMSAT net on 3850 kHz Received 
the latest inputs on projected orbit 
numbers for STS-9 as well as ele¬ 
ment set #MH-11-29-83 Inputs 
from W5RRR on the net giving cal¬ 
culated equator crossing times and 
longitudes for orbits 34A and 48A 
were also logged 

0330-0430Z W3IWI computer 
program was updated with the new 
element set and orbital predictions 
run for the time given by W5RRR 
Data correlated within 10 seconds 
and a fraction of a degree of equa¬ 
tor crossing to that of W5RRR 

1721-1728Z; Monitored 145,55. 
145.53. and 145.57 during orbit 34 
Nothing heard even though the 
spacecraft was in range. No trans¬ 
missions were made. 

1728-1900Z: Rechecked all 
equipment and orbital calcula¬ 
tions. Verified with as many 
sources as possible including jim 
Pickard WA1PSI in Derry. New 
Hampshire, that no transmissions 
were heard in the area during orbit 
34. Prepared for orbit 49 which we 
believe to be our best chance in this 
area to work W5LFL, 

December 7, 1983: Newspaper arti¬ 
cle appeared in the Nashua Tele¬ 
graph describing failure to hear 
W5LFL on orbit 34 which had been 
our first opportunity in this area. 

1538-1546Z Listened for W5LFL 
on orbit 49 This was the first sched¬ 
uled east-coast pass and was one of 
the best, reaching an elevation of 
42 degrees In the shack were Bob 
Wolf N1ABA, George Murphy 
K3RQ, Bill Burden WB1BRE. Dot 
Burden, Don Dillaby KA1COZ 
from the Nashua Telegraph, 
Virginia Wegener of the Man¬ 
chester Union Leader. Gene Balin- 
ski WA1UXA. and Randy Ward 
KA9GHT Nothing was heard, but 
we were informed shortly after the 
pass that Owen Garriott was in a 
press conference during this time 

1546-1630Z Short group discus¬ 
sion about failure to hear anything 
on orbit 49 Everyone was a bit dis¬ 
appointed, but there was also a lot 
of optimism among the people 
present, especially when we found 
out about the press conference 

2000-2030Z. Calculated orbital 
information for orbit 57, which is 
due to pass overhead just after sun- 


this time, but hope to get visual 
sighting to confirm orbital calcula- 

2150-2200Z: The Columbia ap¬ 
peared to the northwest, just as pre¬ 
dicted, passed to the north 
reaching an elevation of about 30 
degrees, and went over the horizon 
to the southeast It was a spec¬ 
tacular sight, appearing as a very 
bright fast-moving star. It was ob¬ 
served for approximately five min¬ 
utes This sighting confirmed the 
accuracy of the computer pro- 

December 2, 1983: Newspaper arti¬ 
cle including picture appeared in 
the Nashua Telegraph explaining 
our attempt to work W5LFL on or¬ 
bit 49 The article explained that 
Owen was in a press conference at 
the time of the pass and for that 
reason was not available. News¬ 
paper article describing our at¬ 
tempt on orbit 49 also appeared in 
the Manchester Union Leader 

2230-2315Z Prepared for orbit 
70 Checked all equipment and 
orbit calculations. Monitored 
WA3NAN for shuttle transmissions 
and additional information 

2315-2321Z: Listened for W5LFL 
on orbit 70 from the car en route 
between Nashua and Durham 
Nothing heard on any of the down¬ 
link frequencies Did not make any 
transmissions. K3RQ attempted to 
work orbit 70 from his home in Mil¬ 
ford, New Hampshire. Virginia 
Wegener of the Manchester Union 
Leader was also present. Nothing 
was heard by George either. 
December 3. 1983: No scheduled 
orbits for today but monitored 
WA3NAN on and off for most of 
the day. Ran orbital calculations 
for orbits 85,96, and 97. Relayed in¬ 
formation on orbits 96 and 97 via 
the 13/73 repeater Orbit 85, 
although not a scheduled orbit for 
W5LFL, was predicted to pass just 
after sunset, and since there was no 
cloud cover, this was an ideal can¬ 
didate for another visual sighting. 
If you can't hear him, at least you 
can see him. 

2130-2140Z: Columbia again ap¬ 
peared right on schedule from the 
northwest, passed to the north at 
about 45 degrees elevation, and 
disappeared over the horizon to the 
southeast. It was just as spectacu¬ 
lar and exciting as Thursday's sight¬ 
ing Anticipation of hearing W5LFL 
on the downlink for the first time is 
building again 
December 4, 1983: 

1300-1335Z. Prepared for orbits 
95 and 97 while monitoring 
WA3NAN 

1335-1342Z: Listened for W5LFL 
on orbit 96 Heard and recorded 

1336Z while the Columbia was over 
Florida Called on odd minutes on 
145,03 MHz. Signals peaked at 
59+20 dB. Antenna polarization 
favored RHCP It was a tremendous 
feeling to hear Owen Garriott for 


ISy VIRGINIA WKGKNKR 



the first time. It was hard to believe 
the quality and strength of the 
downlink signals. Many, many 
signals were also heard on the 
uplink. It is hard to imagine what it 
must have sounded like in the Col- 

1342-1500Z: Continued to moni¬ 
tor WA3NAN on 40 meters and 
compare notes with several other 
stations who had heard the down¬ 
link signals on orbit 96 Talked with 
WA1PSI in Derry to exchange 
reports and check data for orbit 97 
After hearing W5LFL for the first 
time, everyone was anxious for a 
second shot at it Many people on 
the 13/73 repeater had not heard 
him or were not listening on orbit 
% but looked forward to orbit 97 
after finding out he had finally 
been heard in the northeast 

1505-1515Z. Listened for W5LFL 
on orbit 97. Heard and recorded 
two transmissions at 1508 and 
1510Z while the shuttle was over 


NASHUA 



Texas and the Great Lakes. Signals 
favored LHCP polarization on this 
pass and peaked at 59. K3RQ moni¬ 
tored the pass from his QTH in 
Milford. 

December 5, 1983: Newspaper arti¬ 
cle appeared in the Nashua Tele¬ 
graph describing the transmissions 
heard on orbit % and our con¬ 
tinued attempts to be heard by 
W5LFL. 

1320-1332Z: Listened for W5LFL 
on orbit 112. Heard and recorded 
four transmissions from the Colum¬ 
bia as the spacecraft traveled up 
the east coast Transmissions were 
heard at 1324, 1326. 1328. and 
1330Z peaking at 59 + 20 dB Called 
on odd minutes on several different 
uplink frequencies. 

1332-1430Z: While monitoring 
the 13/73 repeater and WA3NAN 
for new information, edited the 
tapes for orbits 96, 97. and 112 for 
presentation at the Nashua Area 
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BE HEARD! 

GIVE YOUR HAND-HELD 
THE BOOST IT NEEDS! 

The New Daiwa LA-2035 two meter 
linear amplifier. 

A compact amp at a compact price 
Only $79.95 Suggested Retail. 


This amplifier is designed for use with hand-held transceivers in 
either mobile or fixed station configurations. 

Because of its light weight and compact size, the LA-2035 can be 
mounted under the dash, under the seat, or in any other convenient 
location. 

The LA-2035 is equipped with RF activated stand by circuitry. 

Easy operation. Simply connect your antenna and your hand-held to 
the LA-2035. Connect the LA-2035 to a suitable power supply and go. 


o 


Maximum output power: 30 watts plus. 
Power consumption: 13.8VDC at 5A. Max 
Dimensions: 100WX35HX 125Dm/m 


CN-520/ CN-540/ CN-550 
Cross Needle Meters 


Tuesday and Wednesday were 
both fun days, as several oppor¬ 
tunities were available to work the 
Columbia again. I worked every 
chance I got and will never regret 
one minute of it. 

Thursday, December 8: The Co¬ 
lumbia comes home today. I still 
am trying to work Owen with the 
same enthusiasm and pleasure I 
have felt all week. I feel sure that 
when I see the Columbia touch 
down, tears will be shed and I will 
have a feeling of sadness beca 
another friend via ham radio v 


lida, during late September wher 
plans were made to publicize the 
5TS-9 amateur-radio operation 
Rudy Hubbard WA4PUP of Miltor 
and I began the task with apprehen 
sion because of the lack of a prec 
dent on which to base decision 
Rudy is Public Information OffiC' 
and I am Section Manager of tt 
Northern Florida ARRL sectic 
which includes 44 of the state's 6 
counties. Rudy has four Public Infc 
mation Assistants (PIAs) who woi 
with him. 

We elected to start out "blitz" t 
October 1 in preparation for the pr 
posed October 28 launch dat 
Packets of information were sent 
the PIAs and media contacts whir 


DK-200/DK-210 
Electronic Keyers 


PS-300 

30A DC Power Supply 


AF-606K/ AF-406K 
All Mode Active Filters 


22 73 Magazint 










£ta3JToriila (Limes--ilnion 


tunity off as too technical? What if 
we got the media excited and then 
found we couldn't deliver? These 
were among the questions which 
caused much concern 

In lacksonville, interest in STS-9 
was minimal but starting to develop 
A few local hams were designing 
special antennas and a couple even 
ordered special arrays from com¬ 
mercial sources The word was 
spread at our two large ham clubs 
and on the nets lust as momentum 
was gaining, reports began surfacing 
that predicted certain delay of the 
launch. A couple of days later, these 
were confirmed and the earliest pos¬ 
sible launch was set for November 
28 A possibility existed that the mis¬ 
sion would not be launched until 
February, 1984 Interest seemed to 
evaporate. 

It turned out that the delay was 
beneficial and provided an ideal 
follow-up to one of the biggest am¬ 
ateur-radio events ever On Oc¬ 
tober 25, I heard reports of amateur 
radio being used by a medical stu¬ 
dent at St Georges in Grenada to 
provide the only information out of 
a potentially explosive situation 
Upon arriving at my job location, 
a community college with an 
amateur-radio station, I found 
KA20RK/J3 on 20 meters By noon, 
calls were coming in from local TV 


Ham operator 
finds lucky 
number is 96 


John Moore's lucky number yester 
day turned out to be 96 

Moore, a ham radio operator from 
Orange Park, talked with mission 
specialist Owen Carriott as the space 
shuttle Columbia was on its 96th orbit 
around Earth. 

"It was quite a thrill because so 
many ham radio operators are trying 
to make contact," said Moore, a radio 
ham for almost 30 years. 

Moore said as far as he knows, he 
is the first ham radio operator in the 
Jacksonville area and one of only 
four in the state to make contact with 
Columbia. 

battery -operated radio into space as 
part of his personal e" ' 


iwide local NBC TV affiliate seeking m- 
ing a formation on STS-9 which was to 
5 was be launched the next day. The 
d the reporter seemed very interested 
lcraft and was slightly disappointed to 
dd to learn that no communication be- 
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tween the shuttle and amateur- 
radio operators was scheduled un¬ 
til at least Wednesday He agreed 
to check back with me on Tuesday 
At precisely 11 00 am on Monday, 
November 28, STS-9 was launched 
At 11 04 am, CBS television men¬ 
tioned Dr. Garriott's ham radio and 
added that he said "73“ and signed 
his call on the main system nine 
minutes before lift-off. Upon ar¬ 
riving home at 3:00 pm, I monitored 
W5RRR at the johnson Space Cen¬ 
ter in Houston. Much confusion ex¬ 
isted about the orbit times and 
which ones would be best for ama¬ 
teur-radio contact with W5LFL For¬ 
tunately, the night before I had got¬ 
ten the latest information from 
lack Burnett Executive Editor of 73 
magazine. The ARRL sent out a list 
of elapsed times which I got on 
Saturday and my conversation with 
lack gave me a couple of new ones 
which were not on the list On the 
whole. I would rate the quality of 

information from both sources as 

very good. 

I converted the elapsed-time 
listings into local EST for the 12 
most likely orbits. I had doubts 
about the central USA possibilities 
but listed them anyway. The next 
step was to install my cassette tape 
recorder into the audio line of my 
2-meter transceiver which is a Ken¬ 
wood TR-7800. This was easily ac¬ 
complished I had heard that the 
KA4GXZ repeater in Clermont was 
planning to rebroadcast the shut¬ 
tle/ground communications, so I 
tuned the rig to 145.39 MHz. Since 
Clermont is over 100 miles from 
Jacksonville, I didn't expect to hear 
much. Surprisingly, KA4GXZ/R was 
putting in a strong signal and this 
was the case during the whole oper¬ 
ation. I learned that KA4GXZ had 
the machine linked to a similar op¬ 
eration on the Merritt Island re¬ 
peater and that the K4DPZ/R 
Gainesville repeater was also tied 
in These repeater operators are to 
be commended for their initiative 
in providing shuttle-to-ground au¬ 
dio. Anyone who monitored the 
shuttle transmissions on KA4GXZ/R 

is asked to send a card or note to 

the Call book QTH so that owners 
Wayne Fletcher and lohn Mullan 
W40QF can gauge interest for fu¬ 
ture launches Those hearing the re¬ 
broadcast on other repeaters 
should drop notes to those respon¬ 
sible as well. 

On November 28, the lackson- 
ville loumal, an afternoon daily, 
carried a front-page article and 
photo about Hank Fitz WB4URU 
and his preparations to work 
W5LFL Hank is an experimenter 
extraordinaire and did an excellent 
job of getting the information 
across to the reporter—a task not 
to be taken lightly The same day, I 
received a copy of an article from a 
Sanford newspaper which had 
been carried a few days earlier 
Wimpy Wimberly KB4LB was fea¬ 
tured along with a photo of him at 

24 73 Magazine • March, 1984 


his station. Wimpy is one of our 

most energetic Public Information 

Assistants who covers the Greater 

Orlando area 

Other than listening to the shut¬ 
tle audio through KA4CXZ/R. there 
was really little else to do except to 
try to gauge the interest while an¬ 

swering an occasional telephone 
call from the media. The local TV 

and press gave the impression that 

they expected a mass contact oper¬ 
ation by W5LFL, but I had serious 
doubts. His signal would be audible 
for only eight minutes at a time 
which would give a total of 96 
minutes of operating time if all 12 
passes were perfect. I estimated he 
might make 500 contacts at most 
during the eastern and central US 
passes. It was decided to start im¬ 
pressing this point upon the media 
On Tuesday, I got a call from the 

NBC TV affiliate again and it was 

agreed they would send their news 
team to my home for the first of the 
12 possibilities which would be or¬ 
bit 34 I quoted the odds at 100 to 1 
against a contact and 5 to 1 against 
hearing W5LFL. This was to be a 
low orbit and would pass about 
1,000 miles west of (acksonville. In 
retrospect the 100 to 1 odds seem 
very conservative! 

On Monday night the local ABC 
television affiliate had some shots 
of Robbie Roberts KH6FMD/W4 pre¬ 
paring for the chase. They stopped 
by Robbie's house on the way back 
from Cape Canaveral. 

Throughout Monday and Tues¬ 
day, I monitored area two-meter re¬ 
peaters to gel some idea of the ex¬ 
tent of local efforts to contact 
STS-9. The biggest problem was 
confusion as to which lists and 
times were correct. Quite a few 
hams were using outdated lists, and 
while about 50% of those surveyed 
wanted to make an effort, only a 
handful had the correct times, 
lacksonville Public Information As¬ 
sistant Mike Reublin NF4L and I 
participated in a discussion on the 
146,16/ 76 repeater in which we dis¬ 
seminated the correct information 
from the data supplied by the 

ARRL and 73. 

As I tuned across two meters on 
Tuesday, I heard quite a variety 
in antennas to be used. Four-bay 
dipoles and 11-element beams 
seemed to be the most popular 
choices. Typical power levels were 
in the 100- to 200-Watt range with 
three stations contemplating the 
legal limit My own 25 Watts 
seemed small, but I reasoned that it 
was more luck involved than sta¬ 
tion capability. I was to learn a 
lesson in that regard, though. 

My day for Wednesday, Novem¬ 
ber 30, was planned. I would go to 
work about 8:00 am, teach my 
morning electronics classes, and be 
home for lunch by 11:15 am The 
NBC TV affiliate was to arrive at 
11:30 am and we would tape the or¬ 
bit 34 pass from 12:10 to 12:25 pm 
for broadcast on the evening news. 


just as I was leaving work for lunch. 

I got a call from another TV station 
The CBS affiliate wanted to send its 
live remote truck to my house I ex¬ 
plained the odds again and in¬ 
formed them that one station had 
already asked to be present but 

that any station was welcome to at¬ 
tend They said the truck was on 

Arriving home. I heard the tele¬ 
phone ringing. The ABC affiliate 
also wanted to send out a crew. 

After again explaining the odds of 

contact, I invited them to attend as 
well. By 11:50 am, all three TV sta¬ 
tions had their equipment in place 
and checked out One station, the 
CBS affiliate, would be broadcast¬ 
ing live during the middle segment 
of the noon newscast The oth¬ 
ers would be taping for 6:00 and 
11:00 pm 

I figured that W5LFL would be 
audible from about 12:15 to 12:23 
At 12.05, I began scanning the 10 
frequencies and monitoring 145.55 
MHz. The live report started and I 
made a 20-second call which was. 
of course, unanswered. I then was 
posed a couple of questions and 
stated that I hoped to be the lucky 
one to contact W5LFL despite the 
long odds. A similar stance was 
taken with the other reporters who 
taped interviews after the live 
report was over I was trying to 
develop the angle of who would be 
the local lucky ham to make it 
through to STS-9. There was little to 
show so far. Even a little reception 
of W5LFL would have been helpful 
Any ideas of a DXpedition-type 
operation were doused and the 
question was now "can a local ham 
make good?" Any local ham would 
suffice. The worst thing would be 
to have no local get through 

Fortunately, I tuned the HF rig to 
14.280 MHz where W5RRR was op 
erational. The reporters were still 
listening and we heard a loud pile- 
up of stations calling to report that 
no one had heard W5LFL. There 
must have been 75 or 80 stations 
That experience reinforced the 
angle of whether any local ham 
would be successful. If so, it should 
be a big news event Later, we 
found out that Dr. Garriott was oc¬ 
cupied with other duties. Inciden¬ 
tally, the idea of the tape recorder 
aboard the spacecraft was a very 
wise one. It took pressure off those 
who were involved with the media. 
We always could say we were con¬ 
fident that we would be on the tape 
but that no one would know until 
the mission was completed This 
took the edge off of the unsuc¬ 
cessful attempts conducted in the 
presence of the media. The end 
result was a failure being turned in¬ 
to a selling point As they left the 
reporters gave me special numbers 
to call if any local station got 
through. I also promised to tape 
any interesting events. 

The second of the 12 oppor¬ 
tunities came on orbit 39 which was 


from 8:05 to 8:15 pm Wednesday 
evening. Again, this was to be a 
central US pass but the orbit was to 
be of higher altitude which would 
extend the communications cor¬ 
ridor to include us on the fringes 
Our weekly ARES net met at 7:30 
pm on 2 meters and I read the 
schedule as a QNC All 3 local af¬ 
filiates carried the story on the 6:00 
pm news along with pictures taken 
at my house that noon. Few locals 
had attempted on orbit 34, but in¬ 
terest in orbit 39 was much more in¬ 
tense. I decided to do most of my 
calls on 145.03 MHz. Some stations 
were using the "shotgun" approach 
with short calls spread over the 10 
uplink channels I spent about 30% 
of the time calling with the other 
time spent scanning the uplinks 
with my priority set on 145.55 MHz 
I planned to make a tape of those 
calling to be edited and played at a 
future local ham club meeting 

There was no reception from 
W5LFL on orbit 39, so it would be 
the next morning (Thursday) before 
we would have our third shot in 
lacksonville. Orbit 49 was sched¬ 
uled for 10:27-10:47 am which 
would be a prime opportunity since 
it was the first east-coast pass on 
the list Fortunately, I was able to 
get home long enough between 
classes to give it a shot However, 
the astronauts were holding a live 
press conference at that exact time 
so our only hope was the tape re¬ 
corder which might have been run¬ 
ning. Some discouragement was 
being noted locally. We had been 
foiled on our first three attempts. 
Some had heard rumors of a Mon¬ 
tana station making contact Wed¬ 
nesday night and other reports of 
very strong reception on the west 
coast had been noted. But locally, 
we were batting ,000 being 0 for 3. 

Friday evening provided the next 
opportunity Orbit 70 was listed for 
6:05-6:25 pm over the eastern USA, 
followed 90 minutes later by orbit 
71 over central USA Despite some 
frustration, more locals than ever 
were planning to give it a try Both 
orbits passed without success. One 
local reported working W5LFL but I 
was suspicious of the claim The 
source of information being second 
or third hand was very unreliable, 
and although I would have liked to 
get a story on the air, the potential 
for embarrassment was too much. I 
was later to find out that contact at 
the time stated was impossible No 
one else locally had heard even a 
peep on either orbit. 

Saturday was a breather with no 
scheduled orbits of operation in 
our area. My finances were looking 
up after the Thursday night tele¬ 
vised pro football game which 
made me very happy And they 
were to be even better still as a re¬ 
sult of the nationally televised Flor¬ 
ida Gator/Florida State Seminole 
football game. Looked like the Ga¬ 
tors and the Raiders were having 
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S7.50 in advance. S10 at doer. 
(Valid for all 3 days) 


FLEA MARKET SPACE 

SI 5 in advance. 

(Valid for all 3 days) 

Checks for advance registration to 
Dayton HAMVENTION 
5. Dayton. OH 45401 





April 27,28.29.1984 

Hara Arena and Exhibition Center — Dayton. Ohio 

Meet your amateur radio friends from all over the world at the internationally 
famous Dayton HAMVENTION. 

Seating will be limited for Grand Banquet and Entertainment on Saturday 
evening so please make reservations early. Harry Dannals. W2HD, Past Presi¬ 
dent ARRL, will be featured speaker. 

If you have registered within the last 3 years you will receive a brochure in 
January. If not. write Box 44. Dayton. OH 45401. 

Nominations are requested for Radio Amateur of the Year and Special Achieve¬ 
ment Awards. Nomination forms are available from Awards Chairman. Box 44, 
Dayton. OH 45401. 

For special motel rates and reservations write to Hamvention Housing. Box 
1288, Dayton. OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY 
TELEPHONE. 

All other inquiries write Box 44, Dayton, OH 45401 or phone (513) 433-7720. 
ALL Flea Market spaces will be sold in advance ONLY. NO spaces sold at gate. 
Entrance for set-up available starting Wednesday. Special Flea Market tele¬ 
phone (513) 223-0923. 

Bring your family and enjoy a great weekend in Dayton. / 

Sponsored by the Dayton Amateur Radio Association. Inc/ 
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breaking through the tremendous 
background noise were top-notch 
operations while the simpler sta¬ 
tions had great success in receiving 
W5LFL. I guess there is a message in 
that somewhere 

Orbit 129 on Tuesday was the 
next shot but was not heard by me 
or John No dice either on 133 that 
afternoon The last orbit on the 
regular schedule was 134 on Tues¬ 
day from 5:25-5:35 pm which was 
to be a central US pass I heard two 
transmissions from W5LFL while he 
was over the Mississippi Valley 
carrying on a QSO with a station 
out that way. John Moore W5HUQ 
picked him up for 5 or 6 exchanges 
beginning with STS-9 crossing the 
snow line John reported that 
KB4CRT in Tampa had contacted 
W51FL. making him the fourth sta- 

Later Tuesday evening, I re¬ 
ceived a call from the news director 
of a very popular FM radio station 
I played my tapes of W5LFI. over 
the phone to him along with a 
sampling of the bedlam of the 
pileup. These were featured during 
morning drive time the next day 


wanted, but scuttlebutt on the 
bands indicated orbits IS) and 151 
on Wednesday might be a good 


At this time, I cannot say which 
event was bigger, STS-9 or Gre¬ 
nada I measure the significance of 
events by their long-term effect. 
One thing is for sure: The period of 
October 25-December 8,1983. gen¬ 
erated the most positive publicity 
for amateur radio that I can ever re¬ 
member! I have been licensed 
since 1964 and have files of the 3 
major ham publications going back 
to 1948. Nothing can match this 
45-day period we just experienced! 
Another interesting point is that I 
never heard amateur radio referred 
to as CB once during all the publici¬ 
ty. At our college library are news¬ 
papers from many major cities and 
it is a pleasure to see big articles on 
amateur-radio operations in most 
of them. 

The publicity generated by Gre¬ 
nada and STS-9 comes at a crucial 
time We live in a political environ¬ 
ment where the quiet get trampled 
The FCC is insulting us with one 
proposal after another I think they 
would like to drop amateur-radio li¬ 
censing altogether and what we are 


thanked for its promotion of this 
documentary. I have enjoyed work 
ing with Jack Burnett and the other 
hams involved. 


Ivember 28, through Thursday, 
December 8. 

Monday, November 28: This sta¬ 
tion called Columbia W5LFL on 2 
orbits. No reply was received from 
Owen Garriott on either try. 

Tuesday, November 29: Mark 
Durfield KB4BPI., 15-year-old soph¬ 
omore from Redan High School in 
DeKalb County, asked me to pick 


made calls to Columbia . This was 
done 10 28 through 10:35 am No 
reply received 

Wednesday-Saturday, November 
30-December 3: Attempts were 
made on all eastern orbits to con¬ 
tact Columbia. 

Sunday, December 4: Charles 
Criffin WB4UVF (Clarkston, Geor¬ 
gia) was monitoring 145.55 and he 
heard and taped W5LFL acknowl¬ 
edging K4GFC and another K call 
on orbit %A. 

Sunday, December 4- At 5:55 pm 
EST, Jim Truluck KB4A (Criffin. 
Georgia) reported to me via 2 me¬ 
ters that he had a good visual sight¬ 
ing of spacecraft Columbia. 

Monday, December 5: At 8:28 
am, this station heard W5LFI. sign 
on with "This is W51.FL calling CQ 
America I am ready to receive 
calls " Signal report from my mo¬ 
bile rig. a Yaesu 227R, ’/.-wave 
magnetic-mount Larsen antenna; 
on an rf signal meter. 0 to 10, I 
received a 4. 

Tuesday, Wednesday, and Thurs¬ 
day, December 6, 7. 8. No other 
contacts received from Columbia 
KA4AKO continued to place calls 
each time the spacecraft passed 
over the Atlanta-Stone Mountain 
area. K4LDR. Atlanta was con 


COMPLETE READY-TO-USE SYSTEMS 


ATV TRANSMITTER/CONVERTER 


ATV DOWNCONVERTER 


L » (o , * High resolution and color video 

* _ • _——' * 10 watts output 

* Broadcast standard sound 
TC-1 PLUS * Tunable downconverter and preamp 

Connect lo the antenna terminals of any TV set, add a good 
450 MHz antenna, a camera and there you are . . Show the 
shack, home movies, computer games, video tapes, etc. 
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group collected during the period 
that the craft was in flight. He has 
been very helpful in furnishing the 
diary of his and other stations. 


This has been a great opportuni¬ 
ty to work a special event and I ap¬ 
preciate being chosen and included 



K4LDR 


F ollowing the launch of W5LFL 
aboard STS-9, the Metro Atlan¬ 
ta Telephone Pioneer Amateur 
Radio Club (MATPARC) began re¬ 
ceiving computer-generated orbital 
data from Clark N5XX. Fish 
WA4HXE, Doug K4SWJ, and Stan 
WA4DYD All data was rebroad¬ 
cast via the MATPARC VHF re¬ 
peater (W4PME/R 144.81/145.41} 
for the Atlanta area amateurs. 
Broadcasts were each hour, then 
every ten minutes during the one 
hour prior to the upcoming orbital 
communications opportunity 
Following each orbital opportu¬ 
nity, Pete K4LDR conducted a 
forum on the repeater where each 
participant shared his observa¬ 
tions, thoughts, thrills, and ex¬ 
periences K4LDI and WD4KYO 

WD4KYO copied ARRL teletype 
bulletins and passed them along. 
For those who did not receive sig¬ 
nals from W5LFL on a particular 
obital pass, recorder tapes were 
played for their benefit 

As the word of our endeavors 
spread, the MATPARC repeater sys¬ 
tem enjoyed more than 100 differ¬ 
ent amateurs participating, with 30 
to 50 per net session. Stations from 
Alabama (Gadsden—90 miles dis¬ 
tant), South Carolina (Laurens — 
140 miles), and all over north and 
central Georgia checked in, either 
asking for or providing informa¬ 
tion Also participating were sever¬ 
al handicapped amateurs that our 
group was pleased to have join us 
It was clear that our MATPARC re¬ 
peater exceeded the coverage we 
had calculated 

AK5Q, mobiling through Atlan¬ 
ta, heard and joined us When he 
reached his home in Tennessee, he 
was unable to learn orbital infor- 
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mation locally (he was a brand-new 
resident) He telephoned K4LDR on 
successive evenings to receive the 
21.00 MATPARC Bulletin which 
forecasted orbital data for the fol¬ 
lowing day. Also checking in was 
NK4E/aeronautical mobile MAT¬ 
PARC was pleased to make so 
many friends that we didn't know 
we had. 

For orbital passes during working 
hours. W4QO, WD4KYO, W4PME, 
K4LDI. WB4LFY, K4LDR. KA4SBD, 
and WB4IRR, with non-licensed in¬ 
terested guests, ascended to the 
roof of the Southern Bell Corporate 
Headquarters building (650' ACL/ 
1650' AMSL) in hopes of hearing 
W5LFL (or being heard) with 
handie-talkies. Early morning trips 
to the breezy roof found ice, 35° F, 
and a windchill of 15° F 

At least one non-active amateur. 


K4LAR, who heard W5LFL on a 
scanner, was re-enthused and hasti¬ 
ly arranged for a transceiver so that 
he could receive better and make 
calls also. Dick reported into our 
net absolutely overjoyed that he 
heard W5LFL; he is back into ham 
radio Though handicapped and in 
a wheelchair, Dick assembled a 
Ranger II antenna and is ready to 
put it in the sky, with some 

Dr. Garriott acknowledged two 
W4-area callsigns as he traversed 
Atlanta during orbit 144: WA4BEV 
and WA4EWA. Ken W40CW tele¬ 
phoned WA4BEV in Valdosta, 
Georgia (230 miles south), but was 
unable to reach WA4EWA in Bir¬ 
mingham. Ken played his off-the- 
air tape for WA4BEV BEV was ab¬ 
solutely ecstatic and thanked Ken 
six ways to Sunday. Ken was gra- 



“Calling WSLFL, W5LFL in Columbia, this is K4LDR, K4LDR on Earth, over 
(Photo by Bob WD4KYO) 


cious and mailed BEV a copy of the 

To date (12/9/83), none of the At¬ 
lanta area amateurs knows if he is 
part of W5LFL's log (tapes! but we 
all have hopes' Over seventy local 
amateurs participating in MAT¬ 
PARC net sessions received WSLFL 
transmissions. Many had tape re¬ 
cordings; all were thrilled and excit¬ 
ed. K4LDR remarked that he is re¬ 
questing an SWL card, for sure, and 
that the 2-cent confirmation card 
would deserve an $8.00 frame. All 
acknowledge that "this is the best 
thing that has happened in amateur 
radio since the first functioning 
OSCAR satellite obtained orbit." 

Thanks to W5LFL, NASA, AM- 
SAT, the ARRL —and all the be 
hind-the-scenes people and ama 


KD5JO 



I want to start my report by saying 
it was an exciting experience to 
monitor, listen, and transmit to as¬ 
tronaut Owen Garriott W5LFL as 
the shuttle Columbia passed over 
the Dallas area The most frustrat¬ 
ing part of the entire experience 
was the amateur-radio operators 
who constantly called on the down¬ 
link frequency of 144.550 MHz and 
made it virtually impossible to hear 
any signals from the spacecraft. 
This situation improved greatly 
with the passage of time. 

It was a "golden time" for all of 
amateur radio and we were well 
recognized by numerous news¬ 
paper articles as well as coverage 
on TV and radio. I was not con¬ 
tacted by anyone from the media; 
the local coverage was of a general 

As soon as word got around that 
I was doing a diary-type report for 
73 magazine, I had some great sup¬ 
port from many local ham-radio 
operators I want to recognize, in 
particular, Al Brinkerhoff WB5PMR 
(Dallas), the north Texas area coor¬ 
dinator for AMSAT, who shared 
with me a great deal of data which 
he took off his computer and made 
it possible for me to have very ac¬ 
curate data concerning the window 
when the spacecraft was close to 
the Dallas area I also received a 
great deal of valuable information 
from Fred Maia W5YI, publisher of 
the VV5Y/ Report Now I would like 
to pass along to you the notes 1 
made in mv dtarv during the flight 
of Columbia 

Wednesday. November 30. Orbit 
34A: This was the f irst pass over the 
central part of the Dmted States 
The Texas window was 11 14-11 21 
am local time The Columbia 
passed over the El Paso area, and 
no one in the Dallas area reported 
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hearing Owen Carriott Many ama- 

downlmk of 145 550, which made it 
virtually impossible to hear any 
calls that may have come from the 
spacecraft I was operating a Yaesu 
227R transceiver {10 Watts) and us¬ 
ing a Ringo Ranger antenna up 
about 20 feet 

Wednesday, November 30, Orbit 
39D: This was rumored to be one of 
the best orbits over the Dallas area, 
with the spacecraft reported to be 
just 100 miles away from us. Win- 

in the Dallas metroplex area report¬ 
ed hearing the spacecraft on this 
orbit We later heard that orbits 
34A and 39D were scrubbed due to 
schedule changes that were neces¬ 
sary aboard the Columbia. 

Thursday, December 7, Orbit 
49A: The window time on this pass 
over was 9:33 to 9:41 am, and I lis- 

2AT with a 10-Watt amplifier Did 
not hear any signals from the 
spacecraft 

Friday, December 2, Orbit 71D: 
This was a great day for KD5JO! I 
heard W5LFL for the first time at 
6:48 pm. Owen was loud and clear, 
and he called CQ and said he 
would be listening for 70 seconds. 
He came back and started to re¬ 
peat some of the calls, but QRM 
absolutely wiped him out! We did 
hear him say he would be listening 
for the next 90 seconds, and we 
transmitted again as we did during 
the 70-second period No further 
word came from the spacecraft 
My wife. Nancy, was in the ham 
shack with me during this orbit, and 
she was thrilled to hear the voice of 
Owen Carriott 

Sunday, December 4, Orbit 97A: 
The window on this orbit was 9:01 
to 9:09 am and it was reported that 
Columbia was 100 miles east of 
Dallas. I heard W5LFL loud and 
clear at 9:06 CST, at which time he 
reported that his headset was not 
working well but that calls to the 
spacecraft were being recorded on 
tape and would be delivered to the 
ARRL as soon as Columbia com¬ 
pleted the mission 

Monday, December 5, Orbit 
113A: I listened for W5LFL on this 
orbit but did not hear him I learned 
later that the Columbia crew was 
engaged in a press conference and 
a discussion with President Reagan 

mining to the Dallas area. This was 
unfortunate, since this orbit was 
reported to be going directly over 
us at about 8:52 am CST. I also ob¬ 
served that not many stations were 
monitoring this morning pass: per¬ 
haps the interest and excitement 
level had decreased somewhat 

Tuesday, December 6. Orbit 
129A: I heard W5LFL at 8 43 am 
CST He said he would be monitor¬ 
ing the uplink frequencies for 90 
seconds His signal was 5-9±. I 

Icom 2AT at 10 Watts and using a 
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5|8-wave antenna Owen Carriott 
did not report back after his CQ 
call. The spacecraft was reported 
to be 100 miles west of Dallas 
Tuesday, December 6, Orbit 
134D: I listened to this orbit in my 
car, also I heard W5LFL at 4 31 pm 
loud and clear, and he passed 

Dallas He made the comment that 
he could see the Texas area very 
clearly and was hoping he would be 
able to make contact with some¬ 
one in his hometown. He said he 
would listen for 1-1/4 minutes for 
any calls from the area. He did not 
repeat any calls that he might have 


This concludes the entries in my 
diary I was not able to monitor any 
more orbits that may have been 
scheduled I want to close by say- 

member of the team that was se¬ 
lected by 73 magazine to be in¬ 
volved in the flight of Columbia. I 
think we learned a great deal from 
this experience, and the informa¬ 
tion gathered should be valuable in 
future amateur-radio communica¬ 
tions between Earth and space. A 
special thanks to Owen Carriott 
who took time from his busy sched¬ 
ule to make a great contribution to 
the entire amateur-radio com- 



WB5ASA 



A book could be written about 
the experiences of individual 
hams trying to contact the space¬ 
craft Columbia and Owen Carriott 
W5LFL. Tall tales ( How I Worked 
W5LFL on 2’/> Watts With a Hand¬ 
held") and similiar stories will be 
flying around hamfests until the 

Signals from Columbia were 
strong and rode over the QRM on 
nearby passes and were even full 
quieting on some passes that were 
over the horizon 

W5LFL was heard in Texas on 
November 30 at 8:35-8:45 pm CST 
as the Columbia was passing over 
California on orbit 40D The signals 
were full quieting in the Houston 
Galveston area even though the 
Columbia was 1800 miles away 
over the horizon E-skip was helpful 
in propagating several over-the- 
horizon signals. Houston-Galves- 
ton stations with good beams were 
able to copy W5LFL on orbit 40 
with complete readability and sig¬ 
nal strength of S5 to S9 He was 
also copied full quieting on sev¬ 
eral hand-helds using rubber-due k- 

Roy Neal K6DUE had his hand¬ 
held on the bedside table in his 
room on the eleventh floor of his 
hotel in Nassau Bay (across the 
street from the Johnson Spacecraft 
Center), and signals from orbit 40 
were strong enough to wake him up 
with a full-quieting signal 

Every type of receiver capable of 
receiving two-meter EM signals 


seemed to successfully hear the 
5-Watt signal of W5LFL-scanners, 
hand-helds, and, of course, conven¬ 
tional base stations During the 
flight of Columbia fSTS-9). there 
was hardly a ham with two-meter 
FM capability in the Houston-Cal 
veston area who did not at least 
listen for W5LFL 

If you only heard Owen Carriott 
on any of the orbits, send your re 
ception report with an SASE to 
ARRL. STS-9, 225 Main Street. New¬ 
ington CT 06111 (A reception re¬ 
port should include orbit number, 
time, your location, W5LFL s com- 

your station.) 

In spite of Murphy and his laws, 
hundreds of hams received contact 
confirmation as Columbia passed 
within range Thousands more at¬ 
tempted to make contact and sev¬ 
eral hundred will receive the 
WADL award (Worked All Down 
Links) for repeater offset mode, 
shifting from 600 + repeaters to the 
Columbia uplink frequencies with¬ 
out changing the offset-placed 
transmitted signals on the Colum¬ 
bia downlink frequencies, thus pro¬ 
ducing much QRM on W5LFL 
More hams were heard on the up¬ 
link and downlink frequencies than 
had ever been heard on two meters 

file of the ham stations that were 
actually heard, or recorded, by 
W5LFL Were they all EME stations, 
or were some even handie-talkies? 

I understand the NASA club 
(W5RRR) is planning to develop 
such a profile report 

Hams tried to get every bit of 
performance possible from their 
stations, but for some this was too 
little, too late. I had circularly-po¬ 
larized satellite antennas on hand 
but did not get them mounted in 
time, so I had only a discone and a 

Rumors were wild about the 
types of stations used by hams. We 
heard that one ham in California 
(where else?) went out and bought 

and ten antennas, put one on each 
of the ten uplink frequencies, and 
used them all simultaneously. I 
wonder if he ever made a contact. 

WA5NOM, one of the first sta¬ 
tions in the Houston area to be ac¬ 
knowledged by W5LFL, was operat¬ 
ing an Icom 271 driving a 160-Watt 
amplifier feeding a Cushcraft 20- 
element twist antenna in an az-el 
mount as used for satellite work It 
was calculated that his effective 
radiated power was more than 
3,000 Watts 

On December 5, one of the Tex- 
as City hams (ND5D) worked 
W5LFL using modulated CW. with 
10 Watts to a vertical antenna The 
CW was believed to be acknowl¬ 
edged by W'SLFL 

Effective radiated power (erp) 
used in the Houston-Galveston 






three \itwatu. WSLFL^Vd esti- 
mated that 40 Watts erp from a 
turnstile antenna would be ade¬ 
quate, but I believe he underesti¬ 
mated the QRM on each pass and 
the power needed to cut through. 


the Houston-Galveston area in¬ 
cluded many 10-Watt stations us- 

to the Ringo Ranger Others used 

ly polarized, vertically polarized, 
or even circularly polarized Sta¬ 
tions used to work the OSCAR sat¬ 
ellites seemed most effective 

{right- and left-hand switchable) 

ing mounts that could track the 
shuttle in its orbit. These satellite 
beams, and also horizontally-polar¬ 
ized beams aimed at the horizon, 
were able to pick up STS-9 at or 
slightly before (e g . minus 3° eleva¬ 
tion) it came over the horizon. 

For passes below 20° elevation, 
the vertical-gain antennas (eg. 
Ringo Ranger. Isopole, or similar), 
with their low angle of radiation, 
had good reception and probably 
good transmitted signals for most 
of the pass. Verticals, because of 
their overhead cone of silence, 
were not effective on direct over¬ 
head passes However, when the 


pass was above 20° elevation, the 
turnstile and horizontal dipoles 
seemed to have the edge. The dis¬ 
cone antenna and rubber duckies 
were not very effective, but W5LFL 
was heard on even these antennas. 

tions were actually heard Two- 
meter FM simplex around 145.00 
MHz, and particularly on the 
downlink of 145 55, appeared to 
have much more range than is usu¬ 
ally considered possible on FM 
(Maybe we have been missing a 
good many DX possibilities.) 

The orbital predictions and infor¬ 
mation put out by the NASA club 
(W5RRR) were very helpful in fol¬ 
lowing W5LFL and the Columbia 
for visual sightings as well as radio 
contacts Hams all over owe the 
NASA club and the others involved 
with the ham-in-space program 
some very sincere thanks. Already, 
hams in the Houston-Galveston 
area are asking themselves, "What 
will I do different next time?" Some 
of the ideas that have already 
come up are 

• Make sure my transmitter is not 
in the repeater offset mode. Moni¬ 
tor my transmit frequency 


• Aim my beam at the point on the 
horizon where the shuttle (satellite) 
is expected to arrive, and start 
transmitting before it comes over 
the horizon. (This seems to provide 


an "edge effect" that enhances the 
signal at the horizon} 

• Have az-el antenna mounts that 
can track the shuttle pass. 

• Set up switchable circularly-po¬ 
larized antennas high enough to be 
above surrounding buildings and 


■ Run more power. (This is one 
idea with which I do not agree I 
believe we should keep our power 
down to avoid QRM. If all stations 
had kept power down to 40-100 
Watts erp for STS-9, there would 

tacts with W5LFL.) 

• Use vertical-gain antennas for 
passes below 20° and turnstile an¬ 
tennas for passes above 20°, since I 
cannot afford (financially or space- 
wise) a satellite antenna system. 

• Try to transmit in clear spots 
(time-wise, or frequency) on the ap¬ 
propriate uplinks. 

• Get some practice working the 
OSCAR satellites. 

I hope you were successful in 
working Owen Garriott W5LFL on 
the Columbia. If you did not work 
him this time around, give some 
consideration to the comments and 
suggestions in this article and pre- 


WB8IFM 

CwdSctaci WSttFM 



P reparation in Dayton started 
back in September with a short 
presentation at the Dayton Ama¬ 
teur Radio Association (DARA) 
about OSCAR 10 and the space 
shuttle In one of the following club 

discussed and a home-brew turn¬ 
stile antenna demonstrated 

I mounted my turnstile, backed 
by a 4' X 4' screen fixed pointing 
south and 45° up, and was able to 
copy OSCAR 10 for many days 
without changing the position of 
the antenna A planned test with an 
aircraft was not necessary I have 
since replaced this simple "cross di¬ 
pole backed by a screen reflector" 
with a 2 x 6-el crossed dipole with 

Sunday, 27 November: Time of 
launch gets close,- clean off operat¬ 
ing table to make room for the 
various 2m FM components A 
50-W transistor amplifier is dusted 
off and pressed into service. We 
have now the KDK 2015 with 12 W 
driving the amplifier and the out¬ 
put is 45 W. Good reports are re¬ 
ceived from several local hams. 

Monday, 28 November: Space 
shuttle got off the ground; clock is 
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up 

tven though II I difficult to ■» the 
■pice ihuttle Challenger It passes 
the Dayton area, at leaat one local ham 
radio operator waa able to pick up a 
tranamlaalon from apace Friday 

Frank Schwab aald that at 7:48 p.m 
he picked up a tranamlaalon from 
aatronaut Owen Garrlott, an electron¬ 
ic! expert who haa been beaming ham 
radio broadcaata back to Earth, 

Schwab aald the aatronaut repeated 

whether hla waa among them. 

"HE SAID HE waa going to aland by 
for the next 90 seconds," Schwab aald, 
■a he played a tape recording of the 

The aatronaut then aald "CQ," 
which meant he war calling for other 

The entire tranamladon lasted only 

waa out of range, but Schwab aald It 
wait “real thrill." 

A ham radio operator for 37 yeara, 
Schwab aald he probably picked up 
the tranamlaalon becauae he llvea 
about aeven mllea north of the city — 
on Dog Leg Road — and doean't have 
bulldlnga or other obatructlona. 

Friday evening waa one of the beat 
tlmea for local operator! to receive 
tranamlaalona from Garrlott, who la 
broadcaatlng primarily on the fre¬ 
quency 145.55 MHi. 

AMD THE SHUTTLE will alao be In 
range In the next few daya. Including 
Sunday around 10 a.m., Monday and 
Tueaday between 9:30 and 10 a m. and 
Tuesday around S:30 p.m 


shuttle 


Eye contact with the shuttle Is a dif¬ 
ferent story, however, according to ■ 
local aatronomer. 

Residents could get ■ pretty good 
look at the craft when It was vlalble 
for about four mlhutes Thursday. 

However, cloudiness Interfered with 
sighting Friday and likely will do ao 
again Saturday, said limes Relit, 
curator of astronomy for the Dayton 
Natural History Museum Sunday 
through Tueaday, the Spacelab's orbit 
and distance may make It difficult to 
see, Reist said 

HEIST SATO the the Spacelab would 
appear as a moving light In the sky 

The Lewis Research Center reported 
the following orbits for today through 

•Today, 6:03 p.m . moving north- 

seconds Difficult to see except In ex¬ 
treme northern part of Montgomery 
County — 39 degrees above the hori¬ 
zon, 243 miles above the earth, 

• Sunday, 5:53 p.m., moving weat to 

onds. Very difficult to see but best 
chance In extreme western part of the 
county — 24 degrees above horizon. 
347 mllea above the earth. 

• Monday, 5:43 p.m., moving weat to 
south, vlalble for 3 minutes. 7 seconds. 
Very difficult to aee but beat chance In 
extreme western part of county — 10 
degrees above the horizon, 464 miles 
above the earth. 

• Tuesday. 5:33 p.m. West to south¬ 
west, visible for I minute. 41 second! 
Very difficult to see but best chance in 
extreme western part of the county — 
11 degrees above horizon. 588 miles 


ticking. Must not forget to synchro¬ 
nize station clock (electric with sec¬ 
ond hand) to WWV Turnstile an¬ 
tenna is "mounted" almost on the 
ground in our front yard; hope tor 
no vandalism for the next week A 
decision is made to use a second 
radio,- an IC-2 is connected and set 
to Owen's main frequency Two 

one to connect either one or the 
other receiver and one to connect 
any of three antennas; a vertical 
dipole at 70', the 2 x 6-el OSCAR 
antenna (8' above ground), and the 
turnstile directly on the ground 
Now all we have to do is worry 
about the schedule 

Tuesday, 29 November: Listening 
on the bands, local repeaters, etc , 
lots of numbers are exchanged, but 
no clear picture emerges. The AM- 
SAT Net at 9:00 pm on 3850 is great 
confusion: lots of decimal points 
and digits to feed the hungry com¬ 
puters. However, at the end there is 
some useful data! Now we see the 
light, getting ready for the first try 

time—will be home for lunch at 
12:00 

Wednesday, 30 November: Did I 
mention, we have no computer; we 
go by orbit period and rotation of 
the Earth We have pre-published 
data and they are very close; still, 
we plan to be on a few minutes ear¬ 
ly and stay a few minutes late 

Orbit 34D: No sign of W5LEL, but 
a lot of local stations are calling 
during the odd minutes. I count at 
least seven stations! Next I try orbit 
38D—although not scheduled, 
there may be a chance But Owen 
does not show up. Over WA3NAN 
on 3860 I overhear the shuttle com¬ 
munication and Owen is doing ex¬ 
periments. 

Orbit 39D: Another no show of 
Owen. Lots of locals call, but with 
the ten available calling frequen¬ 
cies, you can still find a clear spot 
(locally, mind you), but there is a 
2000-mile-diameter circle with lots 
more signals calling the shuttle 
Some stations call on 145 55, 
Owen’s frequency, and are chased 
off! Afterwards, some comments 
from the 75m band: a W0 “did not 
hear a thing." a K5 "had my four 
boomers on him. heard nothing" 
Oh well, there is another pass 
tomorrow. Later in the evening, I 
hear Owen had been on over Cali¬ 
fornia on orbit 40 So, there is life 

Thursday, 1 December Orbit 
49A; Another dud By now every¬ 
body just calls on the odd minutes 
and listens in between I keep 
switching my three antennas, al¬ 
though I had calculated that even 
with a simple dipole he should be 
putting in a signal of S9 and 9 + 20 
when overhead. Nonetheless, every 
dB should help on transmit. 

Friday, 2 December Only one 
good pass for our area at 6 00 pm 
Again we have no luck; we have a 
club meeting tonight and a com¬ 


puter presentation is scheduled. 
During the day we had our first few 
inches of snow and as usual all 
kinds of problems with the automo¬ 
bile traffic Three of us go together 
to the club meeting which turns out 
to be cancelled because of the 
poor weather I had prepared a 
short presentation on the space 
shuttle and also a handout with or¬ 
bit information through Tuesday 
We have some lively discussion 
with the few people that showed 
up The late news on TV shows 
some Kettering hams in a shopping 
center parking lot with a hand-held 
cross yagi A good picture with the 
snow and rain pouring down; of 
course, they had no luck! It be¬ 
came known that the astronauts, 
including Owen, are kept very busy 
and that they are requesting an ex¬ 
tra day in space 

Saturday. 3 December This is a 
resting day for the US hams. The 
shuttle will be over Europe. Africa, 
and Asia I consider putting up a 
brand-new antenna. 2 X 10-el cross 
yagi by TET, which I picked up 
Thursday night from Dan WD8IDZ 
But because of the cold weather 
and the rain. I pass that up 

Sunday, 4 December: Orbit 97 A: 
9:55 am This orbit starts like all the 
previous ones Everybody calls, no 
response from the shuttle Then out 
of the blue sky. at about 10:08 EST. 
there was Owen, loud and clear on 
the IC-2AT, S9 at least For a mo¬ 
ment I thought some local lohn 
was impersonating him Owen says 
he hears a lot of stations, and not 
wanting to waste any time with ac¬ 
knowledging, he is just going to 
listen for the next 80 seconds. He 
also says he is just now over Texas, 
heading for the midwest. This is the 
signal we have been waiting for, 
and for the next ten minutes, every¬ 
body in the Dayton area calls We 
do not hear him again, and I do not 
have a recording of his trans- 

During the next orbit, which is 
almost out of reach for us, over in 
the west, we call again but do not 
get a response Afterwards I talk 
with Leo WA8ZHE and he surprises 
me with a super tape recording of 
an earlier unscheduled pass (orbit 
96, 8:34 EST) where Owen actually 
confirms K4GFG and another K 
call. 

all these days of frustration Some 
success, and there is a chance that 
we are on the tape 

Monday, 5 December. Orbit 113A 
(9:42 to 10:05 EST) Although pass¬ 
ing several hundred miles to the 
west of us, this ought to be a good 
chance. I call a lot and listen care¬ 
fully on the even minutes. But there 
is no response. Today there is a lot 
less activity locally It is a working 
day and also possibly a number of 

tience; good for the remaining 
ones We had another telephone 
conference last night with other 
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hams from all across the US—in¬ 
cluding Alaska and Hawaii—skill¬ 
fully conducted by Jack Burnett 
Executive Editor of 73 Hams from 
the larger metropolitan areas (LA, 
Chicago) complained about tre¬ 
mendous interference (intermod) 
and suggested it might be best to 
use a small antenna, such as a rub¬ 
ber duckie on a handie-talkie. No 
such problems were encountered in 
the Dayton area By noontime we 
have to leave Dayton for Hunts¬ 
ville, Alabama, to do some receiver 
testing for the QRL This is a 
10-hour drive and we will have to 
stop over for the night Driving 
south, we listen to the radio, mostly 
news about Lebanon, but then 
there is the 3-way conversation be¬ 
tween President Reagan, West Ger¬ 
many's Chancellor Kohl, and the 
astronauts. Leaving a dreary and 
cloudy Ohio behind, we find some 
sunshine in southern Kentucky, We 
finally pull in for the night south of 
Nashville, Tennessee. Here we are 
in the Central time zone and with 
some "sharp thinking." the next 3 
orbits are converted to local Cen¬ 
tral time I brought my hand-held 
IC-2AT, an HB9CV portable anten¬ 
na, and a tape recorder. My chanc¬ 
es are rather slim to be heard with 
the low power (1 Watt), but I might 
get a good tape recording of Owen. 

Tuesday, 6 December Today 
there will be several good chances 
to pick up Columbia. Unfortunate¬ 
ly, we will be traveling, setting up 
equipment or in meetings with 
other engineers a lot but I will try 
to break loose whenever Owen is in 

Orbit 129A, 8:30 am CST: We are 
at guardhouse no. 9 of the Red¬ 
stone Arsenal, Alabama, checking 
in and waiting for an escort. I listen 
on my IC-2AT and hear nothing, but 
there are some locals who, after so 
many days, still do not have the fre¬ 
quencies straight They are being 
chased off. Only a few stations 
call, so I try my luck again on this 
pass. Owen does not show up. 

Orbit 133D, 2.45 pm CST This or¬ 
bit passes over New England, so the 
local stations do not even try to call 
the shuttle this time However, I am 
at an excellent location this time 
and should try I am next to NASA's 
Marshall Space Flight Center on top 
of one of the old static missile test 
towers, 250 feet up in the air We 
can see for miles around, large 
areas on the ground are flooded 
from the recent heavy rams, I regret 
not having brought my binoculars 
The Space Flight Center, by the 
way, is a complete ground-control 
station for the shuttle, like the 
primary one in Houston, Texas, and 
could take over operations im¬ 
mediately, if necessary They have 
a press center set up, but there is lit¬ 
tle activity, since the scheduled 
teleconference with the astronauts 
was cancelled The tape recorder is 
plugged in and 250 feet up in the 
penthouse we listen on the IC-2AT 
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for the space shuttle Unfortunate¬ 
ly, we hear nothing Now there is 
another orbit in 90 minutes; during 
this time we have to look for ac¬ 
commodations for the night We 
have no reservations Eventually 
we find a motel, but with the rush- 
hour traffic, we are a few minutes 
into the next orbit when we check 

Orbit 134D, 4:18 pm CST: By the 
time I am in my motel room, it is 
4:30. Immediately I turn the 2m 
radio on and after a short moment I 
hear some crackling noise that 
sounds like a voice I grab the 
handie-talkie and rush outside to 

There is Owen again loud and 
clear: "OK. here is W5LFL, over the 
beautiful Mississippi. I have to take 
a picture of that, but I also have to 
listen to the radio . ." He is loud 
and clear on the hand-held IC-2AT 
with a rubber duckie. Immediately, 

I make frantic efforts to hook up 
the tape recorder for his next ap¬ 
pearance We cannot take the re¬ 
corder, connected to an outlet out¬ 
side the room, and we do not hear 
Owen again. 

For the next 2 days we will be 
very busy with an assignment so 
we conclude our space-shuttle 
diary at this point. In hindsight, it 
was quite worthwhile. Although at 
times frustrating and no QSO re¬ 
sulted, we did hear W5LFL on 2 oc¬ 
casions, and Owen's voice from the 
space shuttle Columbia (on STS-9) 
will be impressed on my memory 
for a long time 


KC8JX 





//■XC8.X, this is W5LFL." No, I 
IV never heard that But oh, 
what a thrill it would have been if I 
had! Several in our fraternity heard 
it including my good friend Jeff 
W7ID It certainly wasn't for lack 
of trying—I was there for every or¬ 


bit that could possibly be heard 
from southwestern Michigan 
It's amazing how such an event 
as this can make inactive hams ac¬ 
tive I heard stations on 2 meters I 
didn't even know existed. Was 
there interference? Yes, a little But 
after the first few days it was negli¬ 
gible. How did you prepare for this 
historic event? This is what I did 
First, I had to have an antenna I 
had a Ringo Ranger, but I didn't 
think that would work very well, so 
I built a turnstile similar to those 
described in the Handbook This 
was my first attempt at home¬ 
brewing, and it seemed to turn out 
very well It certainly whets my ap¬ 
petite for more VHF antenna work 
My boom was an old shovel handle 
and my elements, wire The calcu¬ 
lations of element lengths, phasing 
lines, matching sections, and re¬ 
flector spacing were definitely 
more difficult than the 40- and 
80-meter dipoles 1 built I mounted 
the antenna, such as it was. on an 
unused tetherball pole and hoped 
for the best This was all completed 
prior to the shuttle's launch 

On November 27, I participated 
in a teleconference call and re¬ 
ceived much valuable data which I 
passed on to local networks. This 
information was very helpful and 
held true throughout the mission. I 
tried throughout the week to get 
updated information through the 
telephone numbers which were 
published, but I finally gave up as 
the lines were always busy All up¬ 
dated information was obtained 
nightly by listening to the AMSAT 
net frequency of 3850 I never was 
able to hear W5RRR, though I un¬ 
derstand they were on the air 
It was now November 28, and 
the shuttle lift-off was perfect. Now 
the adventure could really begin I 
had trouble figuring out the exact 
orbit times since they were given to 
me in mission elapsed time I had 
never done any satellite work 
before, other than listening for 
OSCAR on 10 meters, plus I did not 
have a microcomputer handy to 
use Today I also found that the 



speaker on my Yaesu FT-208R was 
inoperative, so I had one of the 
Heath technicians fashion a phone- 
jack patch cord. I could then use a 
remote speaker with the patch cord 
placed in the phone jack of the FT- 
208R. Now at least I could listen to 
the transmissions through a good 
speaker and, thus, any tape record¬ 
ings would sound better. My turn¬ 
stile could not be placed outside, 
as with the first winter storm ap¬ 
proaching, high winds and snow 
could ruin my investment 

November 29 was still very cold 
and windy, so I still could not 

good that no shuttle communica¬ 
tions took place that day I pro¬ 
cured a VL-2280 from Dave Pop- 
lewski KC8IV at Heath Co, so my 
hand-held would have some 
punch—12 Watts. As the day 
ended, one final item had to be set 
up—my tape recorder These last 2 
days had been disasters at work, 
and consequently, I had to spend i 
to 4 hours each night fixing prod 
lems there I was, therefore, late in 
getting everything set up A real 
bright point of the day was finding 
the local repeater, KD8S (145 47), 
was broadcasting the shuttle com¬ 
munications. This was very conve¬ 
nient for us in southwestern Michi¬ 
gan and northern Indiana because 
of the current information being 
disseminated there. 

November 30 arrived, and first 
communications with the shuttle 
were expected today. I was not 
able to be at home, but instead 
listened for the shuttle in the Heath 
Company Engineering Department. 
Owen was not active at that time. I 
then listened for the next flyover at 
8 pm, orbit 39D. Still I didn't copy 
W5LFL. I am really wondering at 
this point whether my antenna 
works. By this time, the wind has 
really died down so I could put it up 
outside. I am also trying to find 
W5RRR on 20 and 40-no luck! At 
8 pm. everyone in SW Michigan 
was calling W5LFL, many right on 
145.55. Two meters finally sounds 
like 20-meter DX even with guard¬ 
ians of the frequency. Tonight also 
was the night for my weekly sched¬ 
ule with W7ID After establishing 
contact, I found out that W5LFL 
had made his first contact with 
WA1JXN/7 in Montana at 0234Z. 
December 1st These first reports 
indicated very strong signals from 
the shuttle; there were even some 
who heard him on hand-helds 
What a thrill it must have been! 
Jeff W7ID forgot to turn on his tape 
recorder. Hope that won't happen 
to me. Tonight, I also listened to 
WlAW's bulletin and tuned in on 
3850 to try to get more information 

On December 1, there were no 
scheduled communications orbits 
I spent the day listening to the shut¬ 
tle on the 145 47 repeater and 
tuned in to the W1AW bulletins 
and 3850 

Orbit 70D was deemed possible 



for December 2, so I was really 
ready this time Oh, the QRM on 
145 551 After this pass we really 
should gather on some repeater fre¬ 
quency and inform the multitudes, 
so we did I guess because of Friday 
night, we really had a turnout on 
almost all Earth-to-shuttle frequen¬ 
cies Found out —600 split on 
hand-held from 145 55 puts the 
transmit frequency on 14495 1 
wonder how many of us were using 
this I am trying to stay on 145 01 or 
145 09 There don't seem to be 
many others there No luck locally 
hearing 70D or 71D orbits I’m real¬ 
ly starting to doubt my station's ca 
pabilities I did hear a tape made by 
someone in California who had 
good copy of W5LFL Maybe that's 
the closest I'll ever come! 

December 3 —no flyovers sched¬ 
uled I spent the day with my fami¬ 
ly, doing some necessary Christmas 
shopping 

It is now Sunday, December 4. 
and I'm really hoping that today on 
orbit 96 or 97 I'll be able to hear 
W5LFL I have given up most of the 
hope I had earlier of having my call 
answered, as it seems from infor¬ 
mation I have received that only 
those with power and good direc¬ 
tional antennas will be answered 
If I could only hear him, I'd be 
pleased! Then, finally, on orbit 
97A. I heard him at 10:08 EST! Holy 
cow. was I thrilled! I was yelling for 
the family to come and listen 
Maybe I'll even work him! (No, I 
didn't forget the recorder; in fact, 
I've got 5 minutes of my call on the 
recorder as I was afraid to turn it 
off lest I miss some of Owen's com¬ 
ments.) I did it! I did what I thought 
I could probably do—hear him I 
doubt very seriously he'd ever hear 
my 12 Watts to a turnstile. Some of 
the local operators heard the 
earlier eastern pass, orbit 96 I 
didn't, but on the central pass, orbit 
97. no one recorded any more than 
I did I feel fortunate I really am 
fired up for Monday's and 
Tuesday's passes 

December 5 was a disaster* 
Some of the locals picked up the 
eastern pass, but I didn't I stayed 
home from work in the morning 
lust for these flyovers Now I'm 
ready for 113A Darn news con- 

December 6 was the last day I 
heard Owen—weak, but readable 
I also found out that one of the 
local operators, KD8S, thought he 
was confirmed I also stayed home 
from work this morning Won't be 
able to do this much longer! The 
weather has turned worse as our 
first snowstorm appears I took 
down the antenna The spaceflight 
is nearly over now 

December 7 I had to be at work 
early I did receive a call at work 
that W5LFL was heard briefly on 
both the eastern and central 

goals |ust as the space shuttle did I 
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appreciate much more now VHF 
communications and the relative 

ease in constructing VHF antennas. 

It has certainly whet my appetite 
for OSCAR and VHF work The en¬ 
tire experience has thrilled me just 
as much, if not more, than my first 
Novice contact almost 23 years 
ago, or the first time I heard 
OSCAR on 10 meters What a thrill 
it must have been for Owen Car¬ 
rion to hear WA1IXN/7. JY1. W7ID. 
and others Would I try it again? 
Would Owen W5LFL? You bet! 

I'd like to thank 73 magazine for 
its help in providing timely infor¬ 
mation and my co-writers for their 
support But my special thanks go 
to my wife, Carol, my son, Alan, 
and my daughter. Amy. for their pa¬ 
tience and their expert strong-arm 
motor control of my antenna. Their 
enthusiasm for this project for Dad 
is really appreciated. My co- 
workers, who were very interested 
and supportive, get special thanks 
as does Heath Company and fellow 
employees Dave Poplewski KC8IV 
and Ion White WA0TAQ Without 
all of these people, I could not have 
been half-successful. 



W9HD 



W hat follows is a log diary- of 
the past few days. First to 
introduce myself very briefly. I am 
a retired electronics engineer who 
has had a ham license for 51 years. 
Instead of rocking and reminiscing. 
I sail on deep-sea oil tankers sever¬ 
al months per year as radio officer 
Saturday. November 26: Received 
a telephone call from lack Burnett, 
Executive Editor of 73 magazine. 
He asked if I wished to participate 
in an effort to contact W5LFL 
aboard the space shuttle Columbia 
and write up the results. It certainly 
seemed worth a try. I happily 
agreed to do so, noting that my 
2-meter station is not much beyond 
the ordinary I have an I com 25A 


and a vertically-positioned dipole 

made from rod stock and mounted 

halfway up my 50-foot TV antenna 
mast It has served me well for ten 
years, I also have a Tempo S-15 
handie-talkie with rubber duckie 

Sunday. November 27. 4:00 pm: 
A conference call, lasting an hour, 
with Jack Burnett Randy Stimson 
KZ7T, Bob Harnois K1EFZ, Dave 
Manley KH6B (in Hilo, Hawaii), 
Jon Gallo KB6WT. Wanda Love- 
joy K02X, Bill Pasternak WA6ITF, 
and many others, including one in 
Alaska. Orbit times, frequencies, 

and procedures were given —all the 

help that could come over the tele¬ 

phone was given so that we might 
be successful in contacting Owen 
Carriott W5LFL on the Columbia. 
With my conventional gear I had 
little hope of making contact, but I 
responded to the enthusiastic spirit 
Of "Co gettum, boys." And I looked 
forward to a busy week which in¬ 
cluded five evenings with a Civil 
Defense course in Radiation Moni¬ 
toring Instruction. 

Note that in subsequent entries, 
most times will be in UTC Since 
midnight UTC comes at 1900 local 
time, some early-hour UTC entries 
are under the preceding day's date. 

Monday, November 28: First 
order of business: organizing notes 
from yesterday's lengthy confer¬ 
ence call. Then I made up a paper 
slide rule for computing day, hour, 
and minute past launch into local 
time and date. Not wanting the 
low-band station to suffer, I spent 
some time setting up the newly- 
acquired TI99-4A and interface 
with the Icom 720A. Made RTTY 
contact, with W1AXL on 20 meters. 
Also am committed to ringing the 
bell for Salvation Army two after¬ 
noons. *2300 to 0145—Attending 
CD class with HT tuned to 145.55, 
Nothing heard. 

Tuesday, November 29. *1530 
UTC—carrier heard on 145.55 (no 
modulation). *1531-Called W5LFL 
on 144.95. No answer. *1535 — 
Called W5LFL on 144.95 No an¬ 
swer *1608—A few squelch breaks 
on 145.55. Nothing intelligible 
heard. *1631— Mote squelch 
breaks on 14555 »1633-N9EBI 
calling W5LFL on 144 95 (so I 
joined in the calling). No reply 
heard. *1645 to 1820—At Rotary- 
Club meeting HT along Nothing 
heard *2300 to 0130—Attending 
CD class with HT Nothing heard 

Wednesday, November 30: *1500 
—Now scanning with 25A 145 54. 
— .55, and — .56; also reply fre¬ 
quency of 144.95 No signals heard 
•1710—K9UGO calling W5LFL on 
144.95. *1713—Called W5LFL on 
144.95 in the clear. No answer 
heard However, a carrier heard 
(weak). Does not end at beginning 
of odd minute. *1750 to 1920- 
Ringing the bell for Salvation Ar¬ 
my. HT along. No signals »2300 to 
0150-At CD class. HT along No 
signals. 


Thursday, December 1: *1220 
— Left Bloomfield for Indianapolis, 
70 miles away, to pick up daughter 
at airport Have Icom 25A with 
’/.-wave mag mounted on car's 
back deck. ‘About 1530—Heard 
WA9RDF in QSO on 145 55, not 
with W5LFL. When asked about his 
use of 145.55 simplex, he stated 
that he had been using that fre¬ 
quency regularly for several years 
and saw no reason for leaving it 
now. ‘About 1547—Heard several 
stations calling W5LFL, so joined 
them No answer heard. ‘2300 to 
0139-At CD training with HT No 
signals heard. Squelch broke due to 
low batteries Interrupted the in¬ 
struction. ‘0457—Staying up late 
tonight Weak carrier heard, but 
not cutting off on the odd minutes 
Not W5LFL And so to bed 

Friday, December 2: ‘1712 to 
1714—Carrier but no modulation 
on 145.55 ‘1715-W9LUU calls 
K90MV on 145 55 ‘1721 - Station 
heard on 14495 calling W5LFL I 
joined in, except my Icom was in 
simplex mode, and I was so in¬ 
formed by others No reply heard 
from W5LFL ‘1914-W5LFL heard 
for the first time (not strong, in and 
out). ‘1915—Called W5LFL on 
144.95. No answer ‘2300 to 0330- 
Final CD session with HT along 
Was issued a diploma as Radiologi¬ 
cal Monitoring Instructor. 

Saturday, December 3: ‘1400 to 
1430—Busy on low bands, Satur¬ 
day morning skeds. ‘1456—Sev¬ 
eral stations calling W5LFL. 
•1457—Called W5LFL on 145 95 
No answer. W5LFL not heard. Busy 
most of the day with errands, 
putting up Christmas tree and 
lights. Numerous "Honey do" jobs. 
Also monitoring 145.55, ‘0235 to 
0250—High-altitude aeronautical 
mobile KX0A heard and recorded 
over Tennessee at 42,000 feet He 
called in on 145.55, but QSYed off 
like a gentleman. 

Sunday, December 4: ‘Up at 7:30 
am. scanning the frequencies while 
reading the Sunday paper ‘1334— 
W5LFL heard weak but readable, 
calling CQ ‘1335-Called W5LFL 
(on 144.94 to avoid any possible 
pileup) ‘1336 —Believe I heard my 
call, "W9 Hot Dog" from W5LFL 
(Quite weak, barely readable 1 Then 
his signal came up He stated 
that he was flying over Florida I 
felt reservedly elated Unless others 
heard his transmission, I would 
have to wait for mail confirmation 
•0200 (9:00 pm local time)-Anoth¬ 
er nationwide conference call with 
the same list of participants I was 
happy to announce my contact 
with Owen Carriott What really 
made it great was that one of the 
conferees. Bob Harnois K1EFZ, had 
heard Owen over Florida make that 
1336 UTC transmission, and 
thought that W5LFL had called 
"W9 Hot Dog " My suggestion dur¬ 
ing the telephone conference was 
to not wait for the orbit times but to 














call when he was heard, and to call 
on other than a pileup frequency if 

Monday, December 5: Took a 
holiday Monitored occasionally. 
Heard a few squelch breaks Had a 
CW QSO on the HF bands. Joined 
my comrades on the FRUPAC Net 

145.55 on the Icom 25A, but W5LFL 
was not heard 

Tuesday, December 6: *1307 to 
1315—Activity heard. No W5LFL 
signal identified. *1427—Called 
W5LFL on 144.94. No reply heard. 
(Other stations were calling him on 
144.95.) *2030—10031 newspaper 
arrived. I am featured on front 
page. Wow I *2230—Heard him 
loudest and strongest to date. 
•2231-Called W5LFL on 144.94. 
•2232—W5LFL, loud and strong, 
says he is over the Mississippi River 
Valley and it looks good down 
there. No callsigns were mentioned. 
•2233—Called W5LFL on 144.94, 
No reply heard. He is now QSA0 

Wednesday, December 7: *1432 
-Heard "CQ North America" 
from W5LFL, Nice, strong signal. 
•1433—Called W5LFL on 144.94 
Nothing heard *1555-Called 
W5LFL on 144.94 because others 
heard calling on 144.95. No answer 
heard. *2218-Heard W5LFL talk¬ 
ing briefly *2219-Called him on 
144.94. No answer heard. 

Thursday, December 8: *1423 — 
Called W5LFL on 144.94. No answer 
heard. *1610—Suddenly remem¬ 
bered that this is due at 73 maga¬ 
zine immediately if not sooner, 

I am glad to have had the oppor¬ 
tunity of participating in this effort 
and to have had the good fortune 
to at least hear Owen Garriott 
aboard the Columbia 



WD9GIG 


V arious articles about the up¬ 
coming STS-9 mission with an 
amateur-radio operator, Owen 
Garriott W5LFL, aboard appeared 
in early 1983 in several amateur- 
radio and aviation publications. 



and I began to follow WSLFL's proj¬ 
ect with increasing interest. 

August The ARRL's videotape of 
' Amateur Radio's Newest Frontier" 
circulated—first midwest showing 
at Fox River Radio League Ham- 
fest Began to seriously think of try¬ 
ing to work W5LFL My neighbor. 
Bill Smith W9LRG, and I discuss 
the best way to reach W5LFL while 
he is in orbit. We decide to con¬ 
struct a two-meter helical antenna 
based on the design work of John 
D Krause W8JK 

Early September: Bill W9LRG 
completes work on a computer pro¬ 
gram for designing a helical anten¬ 
na. I adapt his program for use on 
my home computer system. 

Late September Helical antenna 
construction started Mathemati¬ 
cal error results in wrong helix con¬ 
figuration; must rebuild helix. 

October 18: STS-9 mission de¬ 
layed helix reconstruction un¬ 
derway. 

November 9-10: First helical an¬ 
tenna tests using a tapered feedline 
match antenna works, but swr 
too high. 

November 75: Matching pi net¬ 
work installed and tested. Perfect 
match of approximate 140-Ohm 
feedpoint impedance to 50-Ohm 
coaxial cable. 

November 30, Orbit 39D: First 
communication attempt with 
W5LFL. No signals heard from 
space shuttle Columbia heavy 
QRM on WSLFL's downlink fre¬ 
quency of 145.55 MHz by strong 
local station 

December 1, Orbit 49A: 2nd 
communication attempt, no sig¬ 
nals heard, but the QRM level is a 
little lower 

December 2, Orbit 70D: 3rd at¬ 
tempt still no signals from Co¬ 
lumbia Live CBS television cover¬ 
age of this orbital pass and fol¬ 
lowing pass. Disappointment for all 
concerned, but the coverage on TV 
was very good (shown during 6:00 
pm news). 

December 2, Orbit 71D: 4th at¬ 
tempt same as previous pass, no 


ing that he is "not transmitting call- 
signs back "On this as on all or¬ 
bital passes, transmissions are 
made from this station during the 
odd minutes of each scheduled 
pass. By this time we are painfully 
aware that our helical antenna 
must be carefully tracked along the 
predicted space-shuttle flight path 
if we are to hear W5LFL. Movement 
of as little as 5 to 8 degrees shifts in¬ 
coming signal from S-9 to down in 
the noise level. 

December 5, 8:30 pm CST: Par¬ 
ticipate in 17-point conference 
telephone call put together by Jack 
Burnett of 73 magazine to discuss 
the W5LFL operation and the ama¬ 
teur community's efforts and re- 

_ suits to date. Except for Pacific 

, , Northwest and Florida areas, no- 

c onstantly ad- body j$ having muc | 1 SUCC ess. Sev¬ 

eral suggestions are exchanged 
within this group about what tech¬ 
niques and antennas may or may 
not work. It is apparent that "new 
ground" is being broken with this 
•113A, 8:42 


signals heard from Columbia. No 
signal reception reports by other 
hams in this area, either. 

December 4, Orbit 97A, 8:55 to 
9:23 am CST: 5th attempt finally CST—Another overhead pass, a 


s. W5LFL is heard say- 


re orbits 70D and 97A. N 


Earth to Columbia: 
long distance calling 



en Isely or Smith would fiddle with 
r the brighMelevision lights an? tl 


October, but the flight was delayed. 

That delay helped Isely and Smith ready 
the antenna (the same type as used by 
NASA) which they designed and built. 


ColumbiaMhis is 8 \VD9G?G " he said over through*about"8*sTa.m 1 to 

and over managing to get in about eight day morning when the craft wi 


ist Wednesday and during the up- 4:35 p m. 
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cess in hearing Owen Carriott on 
several different antennas. My 
partner, W9LRG, is sick with the flu 
and I am not able to track the helix 
and operate at the same time 
used a 14-element yagi controlled 
from my permanent shack in the 
basement. 

December 6, Orbit 729/4, 8:29 to 
8:50 am CST: Overhead pass again 
using the same antenna as used in 
orbit 113A my partner still sick 
in bed. Heard W5LFL confirm one 
5th-area and two Sth-area calls on 
this pass. I begin to suspect that a 
different propagation mode may 
exist than what has been predicted. 
Decide to work the next (western 
US) pass to try out my idea. • Orbit 
130A, 10:10 to 10:20 am CST- Us¬ 
ing yagi antenna again, W5LFL is as 
loud or louder than on previous 
overhead pass, and I hear him con¬ 
firm a 6th-area and two 9th-area 
calls even though he is over the Col¬ 
orado area. Perhaps the path is bet¬ 
ter when the space shuttle is at or 
near the local horizon? *Orbit 
133D, 2:44 to 3:06 pm CST- No sig¬ 
nals heard on this horizon pass to 
the northeast of my QTH. •Orbit 
134D, 4:18 to 4:48 pm CST- Two lo¬ 
cal area hams (Jim Emma KA9HQF 
and Cary Senesac KC9UM) take 
time away from their jobs to help 
me operate the helical antenna for 
this orbital pass. I finally obtain 
some adjusted azimuth and eleva¬ 
tion figures, courtesy of W9TCB, to 


use for this pass. We have spectac¬ 
ular results.. we copy W5LFL for 
three consecutive transmissions be¬ 
tween 4:30 and 4:33 pm CST even 
though Columbia is only 10 to 15 
degrees above our horizon to the 
southwest. This is my last attempt 
to communicate with W5LFL, and 
it is the best of the lot if my recep¬ 
tion of his signals can be used as a 


Observations and Comments 

1. Most of the QRM on Owen 
Garriott's transmit frequency is ac¬ 
cidental. In most cases, the opera¬ 
tor in error breaks off in mid-call. 
Some of the worst local QRM is 
from the "Kilocycle Cops" trying to 
"keep the frequency clear" rather 
than from the problems caused by 
the inadvertent offenders. 

2. Our helical antenna is much 
sharper in bandwidth than first pre¬ 
dicted. This is both an advantage 
and a problem. The helix is almost 
completely immune to ground- 
based QRM, but is very much hard¬ 
er to lock onto the space shuttle, 
which moves quite rapidly across 
the sky. 

3. Even after the STS-9 mission 
was in orbit, there was still a con¬ 
siderable amount of confusion 
about frequencies, transmission 
protocol, and orbital parameters. I 
have no suggestions to make to im¬ 
prove this situation.. . some peo- 


Free Antenna Accessories Catalog] 

, £~\ 4 Coaxial Antenna Relays 

- " xS3 Remotely select up to 9 antennas 

' t -» from your transmitter, using only one 

Jh ■" , . I s coaxial cable. Environmentalized, high 

> ** power and low loss. 


W2AU and W2DU Baiuns* 

Our baluns, center insulators and in¬ 
sulators have been preferred for 20 
years by Hams, industry, and the armed 
forces. Protect against TVI and lightning 
1.8-200 MHz. 




4 W2VS Antenna Traps 


get . 
ding 


Add these traps to your dipole and 
SWR on 2 to 6 bands, depen- 
i how many you add. Antenna 
d custom kits also available. 


Send For Yours Todays 

Don't delay. Call or write today, and 



pie just never get the word. 

4. Lack of widely-published or¬ 
bital parameters tend to favor in¬ 
dividuals with "connections" and 
previous experience with tracking 
antenna arrays—stacked beams in 
EME configuration, etc. These peo¬ 
ple could construct early into the 
mission, using the orbital numbers 
to track Columbia through the sky 
reasonably, while most of the ama¬ 
teur Community had to rely on sec¬ 
ond-hand (often inaccurate) infor¬ 
mation. The ARRL did finally put 
out a bulletin on December 6th list¬ 
ing the STS-9 orbital parameters. 
Perhaps this data could be released 
a little sooner? 

5. There appears to be some type 
of two-meter propagation phenom¬ 
enon for low Earth-orbital commu¬ 
nications different than that pre¬ 
dicted. I suspect that W5LFLs 
transmission path was somewhat 
different from that of stations 
transmitting to him in the space 
shuttle. Ground-to-space propaga¬ 
tion appeared to be best when the 
shuttle was at or near the local hori¬ 
zon while space-to-ground propa¬ 
gation appeared to be relatively 
constant regardless of Columbia’s 
elevation above the horizon. This 
may be a function of Columbia's 
attitude with respect to the Earth's 
surface at a given point in time 
when W5LFL was on the air. I have 
no way of determining this from the 
information available to the gener¬ 
al public. 

6. A plot of table-of-observed- 
propagation distances using these 
factors discussed in paragraph 5 
above could prove to be valuable 
for future operations of this nature. 

7. It would be a great help to 
have a low-power amateur-radio 
beacon on future space shuttles 
where amateur-radio operation is 
to be attempted. As little as one 
Watt output should be sufficient 
for this purpose and would make it 
much, much easier to track the ve¬ 
hicle through the sky. 

8. If possible, future amateur- 
radio operations from space should 
be conducted using spacecraft 
power either directly or by means 
of rechargeable battery packs so 
that power consumption in the 
transmit mode does not become a 
limiting factor. I have been led to 
believe that W5LFL had this con¬ 
straint particularly when the STS-9 
mission was extended by one day. 

9. This was my first serious at¬ 
tempt at any form of space com¬ 
munications and I am quite pleased 
with our results—even if we do not 
obtain a two-way-contact confir¬ 
mation. Bill Smith and I plan to 
modify this helix to a two-band 
configuration for OSCAR use in the 
near future. We sincerely hope that 
this will not be the only amateur-ra- 
dio-from-space operation we are 
looking forward to future opera¬ 
tions of this type. 



K09G 



A s luck would have it, my 2- 
meter rig developed an un- 
traceable intermittent on top of 
this event, even though I was pre¬ 
pared with a 2-meter turnstile an¬ 
tenna on the roof and good clean 
coax connections in between. 

With no chance to borrow anoth¬ 
er rig, I wound up serving as a 
"clearinghouse" for flight info, fre¬ 
quencies, etc., for fellow hams in 
the neighborhood. The current 
data given via our conference call 
prior to lift-off was made available 
to a number of amateurs in the area 
via both the local repeater and land 
lines. It encouraged their attempts 
to give real tries at contacting 
W5LFL. 

Art tang KR9K made several at¬ 
tempts using a TR-9130 running 
barefoot into a 20-element twist an¬ 
tenna. (Given the pressure of work, 
Art has been unable to furnish a 
written report.) He reports hearing 
W5LFL loud and clear on 3 passes 
(no confirmed QSL though) and 
was able to tape Owen's transmis¬ 
sions. Art reports that W5LFL was 
within good hearing range for 
roughly two minutes of each pass 
over this (midwest) area and that 
Owen was able (within that 
2-minute opening) to confirm two 
or three contacts directly. Art also 
reports that KA9PUC, on vacation 
at the time in Florida, believed he 
was able to make a confirmed QSO 
with Owen using a 2-meter handie- 
talkie and a rubber duck. 

Eugene "Gene" McAleer N9DUW 
submitted the following: 

"On November 30, while in Atlan¬ 
ta, Georgia, I secured permission to 
go up on the roof of the Marriot Hotel 
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(17 stones plus) and listened for STS-9 
andWSLFL but to no avail No one in 
the area heard a signal as I under¬ 
stand and me wrth such a vantage 
point with my HT 
"On December 6 at 2214Z, I heard 
his (WSLFL's) call only very briefly 
and again returned the call using my 


you knew the orbital times (we 
d, thanks to Dick Isley WD9GIC, 
ho "normalized" them to local 
me on his computer), you could 
asily hear the signals on 2 meters 
om the shuttle—for roughly 2 
linutes out of each pass over the 
rea—and readily with a receiver 


Kenwood TR-7600 (10 Watts out) as I of average commercial sensitivity there o 


had done the previous day My 
antenna was a Hy-Garn 5/8wave 
ground plane approximately 20 feet 
above the housetop (Gene is an 
airline pilot and on 12* was back at 


normal "banana-belt-ofColorado 
weather had turned to solid over 
cast this particular evening (Is that 
guy's name Murphy? Who invited 
him anyway?) It looked like we 
wouldn’t be able to see the shuttle 
tonight We had been getting our 
share of the white stuff this winter 
and the Colorado ski areas were in 
their best shape for early Decern 
i— =- nm unfortunate- 

































busy as we hams are during the 
week, it's seldom that all 5 of us are 
on at one time, but the space shut¬ 
tle made it a special time. Everyone 
was so excited about hearing the 
signals Something like this really 
brings out the little kid in you no 

should have heard the five 30- to 
60-year-old little kids on the repeat 


jurselves from our host and hostess 
:o go out to the car and listen to the 
shuttle." said Ken, who had been 
nvited to dinner that night Art and 
<YI. Edith were inviting everyone 
over for happy hour, they were so 
wcited. Skip and son Michael had 

a try to make the schedule lack 
md XYL Alberta were at their home 
it the base of Mount Antero, and 
ny dog Ali and I were near the re- 
jeater site at the base of another 
4 000-foot peak. Mount Princeton 
t sounded like a bunch of school 
lids who had had their first taste of 
lam radio all over again What a 
un time! The local frequency 
>uzzed for quite a while Ken and 
iarb had to get back to their host 


was a little bit higher control-tower- 
in-the-sky talking than usual And 
where were all those stations com¬ 
ing from anyway that jack and the 
rest of us heard on the uplink fre¬ 
quencies' Was that some strange 
propagation because the space¬ 
craft was flying through the outer 
fringes of the Earth's atmosphere? 
We're still not sure why they were 
so strong in our area We ll have to 

After the initial shock wore off. 
we set about try ing to talk to Owen 
on more of the passes Somewhere 
along the line. Skip and I got the 
bright idea that just possibly a mod¬ 
ulated F2 CW signal might get 
through over the thousands of 
voices calling. It was a real sight to 
see us holding a microphone in 
front of the code-practice oscilla¬ 
tor with one hand while running the 
Morse-code key with the other 
hand. Who says CW isn't useful 
anymore? 

Later in the week I had to ask a 
patient of mine if he would mind if 
I interrupted our eye examination 
to try to talk to outer space. 1 really 
expected a very strange look, but it 
turned out that the patient sitting in 
my chair was an SWL named jerry. 
He had heard all the publicity 
about the event from the TV but 


sort out from the thousands of some of the many station 


Duty Power Ultra Qui 

In 

Computer 

Protection 

KLEENWIfe 

LINE* 

CONDITIONER 

Prevents! • Lightning Spike Damage 

• Computer Damage • Disruptive Line Noine 

• Brownout Interruption* • Program Error* 


Regulator • Filter • Suppressor 


KLR-250A 250 Wait Load >291.95 

KLR-250A-1S0 250 Watt Load; Patented 

Filler Isolated Sockets >346.95 

KLR-500A 500 Walt Load >390.95 

KLR-50OA-1S0 500 Wall Load; Patented 

Filler Isolated Sockets >445.95 

Shipping: >12.75 Land; >45.50 Air 


Ask Your Local Dealer 


JE37* Electronic Specialists, Inc. 








KB6WT, KD6YG 

n / Gallo *.«6wr 


t all began when Bill Pasternak 
IWAblTF, publisher of Westlink 
id a 7.? correspondent, tele- 
loned to confirm that the flight of 
rS-9 is a go. We discuss antennas 
id decide to run comparisons be- 
veen mv OSCAR arrav 15 feet 


having time for 400 or so QSOs, I'll 
have about 1 chance in 10,000 of 
getting through The statistics re¬ 
mind me of some famous 20-meter 

The call ends with a tribute by 
lack Burnett to Peter O'Dell of the 
League for his work on the ham-in- 
space program and the sad news 
that Vic Clark W4KFC has died of a 
heart attack 

Monday, November 28, 7:00 am 


Tuesday, November 29, all day 
The phone has been ringing off 
the hook all day. Lenore lenson 
W6NAZ. an expert in amateur- 
radio publicity, has given my name 
to a number of TV stations KTTV 
calls to advise they will be out by 9 
am tomorrow. CBS New York calls 
to tentatively schedule coverage 
for orbit 40D. The local ABC af¬ 
filiate calls for an advance inter¬ 
view and will be out at 8:30 this 
evening. 


to talk to Owen. Anxiety over inti 
tional interference increases 
Tuesday, November 29, 11:10 prr 

the interview stressing my persoi 
excitement over attempting 
work Owen A few minutes la 
the phone rings and the caller, ii 
slow and somewhat "spaced oi 
voice, identifies himself as M 
and asks if I was the person in 1 
interview When I hesitantly adi 
my involvement, he says he i< 
32-vear-old Vietnam veteran a 




















Monday, December 5, 7 00 am 
I drive off for my first meeting ol 
the day and leave the station (anc 
Apple II-H to KD6YC 
Monday, December 5. 8 79 am 
I (KD6YQ finally get a so It 
chance at Owen on orbit 114 



















:ircularly-polz 


liked being able to do two things at 
once, but this is ridiculous! When 
Owen comes back after the second 
or third transmission, I'm pretty 
sure I hear Kilo Delta Si* Yankee 
something Did he say "Yankee 
Gulf"? Has he heard me> I glance 
at the tape recorder and realize 
that in all the confusion I had for- 

way to double-check to be sure. I'm 
so frustrated’ I could scream! I 
hope they hurry up with that offi¬ 
cial list of callsigns heard —the sus- 


Tuesday. December 6, 800 pm 
KR6WT back at the diary I 
check into the AMSAT net and ob¬ 
tain data for orbits 146 and 151, 
which are the only two likely passes 
over the west coast on Wednesday 
If Owen is operating, the chances 
of getting through are likely the 

orbits has not been given wide¬ 
spread publicity. Checking into the 
DX Club repeater, I find out that 
one local confirmed W5LFL using 
160 Watts and a pair of KI.M CP 
beams That's only 6 dB more gain 
than I have available with 75 Watts 
and a single beam Playing back 
the tape of today's two passes, it 
appears that there was no inten¬ 
tional interference on orbit 130 and 
less than 30 seconds of such in¬ 
terference on afternoon orbit 135. 
Also, the callers on the downlink 
and channel cops were less nu¬ 
merous 

Wednesday. December 7. 7.53 am 
Owen shows up about two min¬ 
utes later than predicted by the 
AMSAT net and is 60 dB over 9 
while he announces he is over San 
Francisco He acknowledges nu¬ 
merous sixes and fades out abrupt¬ 
ly about two minutes in advance of 
expected I.OS The rapid fade is 
confirmed by several other ama- 

Wednesday. December 7, 3:41 pm 
KD6YC back at the Apple Well. 


a fellow ham in space I've gotten 
the system down pretty good. I'm 
very busy, but I sense after my first 
or second transmission that he isn't 
there and he isn't going to be there. 



Wednesday. December 7, 6.30 pm 
With both the flight of STS-9 and 
this diary drawing to a t lose, some 
final thoughts seem to be in order 
The entire experience has been 
perhaps the high point of more 
than two decades of involvement 
in amateur radio If I had to sum¬ 
marize it in two words, they would 
be fun" and "fatigue " 

In retrospect, the interference 
was much less than I expected and 
dec reased dramatically with each 


Replaying the tapes of Owen's 
passes reveals that intentional in¬ 
terference accounted for less than 
10% of the total interference I en¬ 
countered. Calling Owen on the 
downlink accounted for another 
30% or so. More than half the in¬ 
terference was the result of chan¬ 
nel cops Instead of a short trans¬ 
mission advising the offender that 
he was on the downlink, many po¬ 
licemen found it necessary to be 
both abusive and long-winded 

Attempting to work the shuttle 
as it approaches both AOS and 
LOS points is actually nothing 
more than a form of VHF weak-sig¬ 
nal work. When attempting to pull 
a signal out of the noise level, a 
competing VHF signal many miles 
away renders the attempt impos¬ 
sible If I could offer a single piece 
of advice based on this experience, 
it would be to stay off of the down¬ 
link for at least 10 minutes before 
and after AOS and LOS at any par¬ 
ticular QTH The mere fact that we 
have lost the shuttle in Los Angeles 
does not mean that we can start 
rag-chewing on the downlink We 
will probably be interfering with 
another station some distance 
away at a better location or with 
better antennas 

I sure hope the ARRL releases a 
complete list of calls tape-recorded 
by Owen in the near future The 
suspense is killing mel 



said on the air just now (7 00 am. Ju¬ 
ly 21,1983) that he had heard there 
was going to be a ham aboard the 
space shuttle Columbia and asked 
if anybody knew about it I was re¬ 
luctant to talk to him, but my wife. 
Lorna Campbell KA7RFD, called 
him and handed me the telephone. 
One of the reasons that I went 
ahead was that I had just returned 
from a ham fair in Spokane, Wash¬ 
ington, where Roy Neal from NBC 
was the speaker, so I did have some 
knowledge about the operation of 
the ham-radio person on the shut¬ 
tle. During our conversation he 
asked if I would be willing to come 
to the KEX station, hook up my 
gear, and try to contact Owen Gar- 
riott live I agreed to do so 

August 12: Realizing that I would 
need help technically and other¬ 
wise, I contacted Stan Griffiths 
W7NI, owner of Antronics of 
Oregon Stan agreed to be the sec¬ 
ond member of the team I talked 
to Stan about people who could 
help us technically with the anten¬ 
nas and other related gear He sug¬ 
gested Lynn Hurd WB7UNU, so I 
contacted him He agreed to help 
out and all three of us decided we 
would set up our gear at KEX Radio. 
We did a lot of reading and re¬ 
search, looking up all the informa¬ 
tion we could find on the best type 
of antenna, and finally agreed 
upon the turnstile-type antenna 


ized signal 

August 22 KEX said they had an 
engineer who was a ham, Michael 
Brown N7AXC, and Mike became 
the fourth member of the team He 
was a great asset to us as not only 
could we now readily obtain access 
to the KEX roof and studios, but he 
knew the correct media personnel 

August 25: Telephoned Peter 
O'Dell of the ARRL to request press 
releases and U-Matic tape 

August 27: Lynn WB7UNU and I 
built the first antenna We used 1 
x 2s. chicken wire, 2 X 2s. and 
1/8" brass brazing rod, using RG-58 
and RG-59 coax and using the prop¬ 
er heights from the ground plane 
We referred to the ARRL Antenna 
Book. We had a very difficult time 
as we couldn't get it tuned to where 
we wanted it. The swr was running 
at 18-19 and it didn't seem to 
make any difference how much we 
changed the 1/8 rod We decided to 
enlarge the size by using 1/4" cop¬ 
per tubing over it so we could slide 
it in and out We got some of the 
swr readings down as low as 1 2-1 3 
and it was a lot better. We tuned 
the first antenna 

September 3: I built the other 
four antennas but did not final tune 
them. 

October 3: We realized we 
would need some press releases to 
come from KEX and would need 


PORTABLE ANTENNA 


MODEL AMO 

Designed for 
APARTMENTS 
MOTELS 
VACATIONS 

PRICE 

$ 43 75 

Add 53.00 

Shipping and Handling 

Quick Simple Installation. Operates on 2,6,10.15,20,30 
and 40 meters. All coils supplied. Only 22-1 /2 inches long. 
Weighs less than 2 lbs. Supplied with 10 ft. RG 58 coax 
and counter poise. Whip extends to 57 inches. Handles 
up to 300 watts. 


VSWR—1.1:1 when tuned 
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and were tuned. We marked every¬ 
thing with a number Each coax, 
antenna, and rig was marked with 
the same number so that when we 
re-installed the equipment we 
didn't have to worry about the swr. 
(This was necessary as we were un¬ 
able to leave our gear—apart from 
the antennas on the roof—at the 
KEX station ) We used RG-11 coax 
cable for the feed and had trouble 
48 73 Magazine • March, 1984 


had at KEX Radio all four local TV 
stations, KATU (ABC), KOIN-TV 
(CBS), KCW (NBC), and KPTV (in¬ 
dependent). The Oregonian (news¬ 
paper) was there and also a reporter 
from KLCC who drove up from Eu¬ 
gene, Oregon We were told we 
were on national television on 
NBC. Walt Morey WA7SDV, a good 
friend, videotaped all the events, 
including the coverage by the news 


tened for the even minute At 4:15, 
we did it again with CW, listened 
for the next minute, and then went 
back to straight voice. We figured 
if anything could have got through 
the QRM, it would have been 
Morse code If anyone else had 
known about it, it wouldn't have 
worked at all, so we kept very quiet 
about our plan. This was our kicker 
Unfortunately, we don't even know 


chaotic this time!) a great deal 
more chaos next time because 
there will be a great deal more 
power on. We've sort of proven this 
time that high power gets through. 
It appears the moonbouncers were 
making it and there'll probably be a 
huge upsurge in powerful amplifi¬ 
ers in the next one I think what we 
need is a 100-dB attenuator on the 
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WB7UNU Comments 

I think that the experiment was a 
good one, but I hope in the future 
they use a frequency other than the 
most populated ham band so as to 
further the hobby by the expansion 
of user use on to the less used 
bands such as 220 or 450 People 
who use these frequencies are 
more serious about long distance. 
We also need better prior com¬ 
munication. It seemed anyone who 
had a radio added to the havoc, 
especially those people who knew 
nothing about it until the last 
minute and therefore transmitted 
on a downlink and on the even 


which had all passed. The indica¬ 
tion on the tape was that it would 
be changed on Monday afternoon, 
but apparently that never oc¬ 
curred. 

KZ7T Comments 
The hams got better and better 
as time went by I did one thing on 
December 5, five minutes before 
Owen was even thinking about 


on the even minute, and remember 
politeness" I also said that two 
television stations were standing 
behind me with their mikes stuck 
into my speakers, so let's be a little 
careful what happens That night 
was super, nothing but politeness, 
so we are learning how to handle 
this thing 

There is a lot of comment about 
forms other than VHF There's talk 


more about the gear Owen was us¬ 
ing. Could he hear on 55? How long 
can it last? What kind of reception 
was he getting? We don't feel he 
was getting good reception or that 
his receiver was that good, but we 
don't know Could the magazines 
send newsletters out? If I belonged 
to the ARRL. I should receive a 
newsletter from them If I sub¬ 
scribed to 73, I should have gotten 
a newsletter from them Hams in 
the area were asking us questions 
we knew nothing about and I prob¬ 
ably had as much information as 
anyone in the area as I called the 
ARRL and got the press releases 


ming over Portland during orbit about single sideband. 220, 440 

I got on 5.550 on the odd HF, and every time you bring u| 

nute and talked to all hams with one of these, it's fine if you havi 

>W power, reminding everyone the gear, but a lot of people can' 

"check your clock, check your afford single sideband or 220 o 

le, make sure you transmit on 440, so I don't think that's thi 

! odd minute, try not to transmit answer 


5 hams bone up for space 

Radio operators target astronaut 


and the U-matic tapes, and I also 
heard Roy Neal speak in Spokane 
It seemed to be a feeble attempt 
A lot of guys spent thousands of 
hours, not to mention money, for a 
feeble attempt and I don't think 
that's right I feel that 2 meters is 
probably as good a mode as any 
Some people think CW is the an¬ 
swer. probably because they are 
good at CW. but there are many 
hams who don’t use CW I think this 
mode was a good one 
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I Portland, Oregon (wF 
emploved as an engine 
tioned on luly 21st Owen 
planned attempts at I 


The SLINKY DIPOLE* Antenna 

A broadband, low SWR dipole chat really works in apart¬ 
ments, smallyards, attics, anywhere a small antenna is a 
must Indoors or out, you can work ANY HF BAND, in¬ 
cluding 10 MHz. No gimmicks or add-ons. Imagine 
80M in as little as 24 ft. I Complete kit and instructions, 
plus 50 ft. of coax. Easy to set up and adjust. More 
information available - just call or write. 

Blacksburg Group S67.95 postpaid (in U SAJ 

Box 242 Suite 500 Money Back Guarantee 

Blacksburg, Virginia 24060 Virginia residents >2 
703/951-9030 add 4% sales tax fj 2 


tor Jim Howe, I was forwarded a My special assignment was to in- 
Few inquiries from local hams I terface with KEX and the media 

First made land-line contact with We needed a location in the build- 

Ronald W Magnus WA7CFE, Port- ing (which was not easy, since all 

land, and Ron and I were in contact the available accesses to the roof 

several times by phone and at least came to locations far from any 

Dnce in person room in the building we could 

It was Hollister's wish that we at- potentially use) We needed ap- 
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provals from management, pro¬ 
gramming, engineering, and other 
parties within the station I began 
working on these decisions and ap- 

Over the next few weeks, we 
worked out all the problems of 
press releases, locations, and 
equipment. I got clearance for, and 
made arrangements for us to set up 
in, a portion of KEXs large front 
lobby Ac power for our 5 rigs and 
associated equipment was to be 
run off two isolated circuits of 
20-Amp capacity each All equip¬ 
ment would be set up on neatly 
draped tables in the lobby and 
would be removed, for security pur¬ 
poses. between each contact ses- 


son and Lynn Hurd WB7UNU 
would be placed on the roof of the 
building and held down with bricks 
RG-11 lead-ins would have to be 
brought in through an ajar front 
door and rolled up and stored on 
the roof between contact sessions 
At that time, we also planned to 
set up a satellite dish monitoring 
NASA video and audio off SAT- 
COM 1R The dish was to be on a 
trailer, in the KEX parking lot. (It 
was later set up elsewhere) I would 
rewrite a final draft of the news 
release, write up a news conference 
notice, and mail all materials to all 
local television and daily newspa¬ 
per outlets. I would also contact all 
these media by telephone to per¬ 
sonally invite them and answer any 
of their questions. 

On November 24, we set up all 
gear in the KEX lobby for a dry run 
and antenna tuning, All equipment 
and coaxes were numbered, to 
speed up future setups. Everything 
had a place and a number The 5 
antennas were set up on the flat 
roof. We communicated from the 
roof to the lobby via 2 meters, as 
we tuned up the antennas' active 
elements for lowest vswr. The best 
antenna tuned up to 1.2:1, while 
the worst was about 1.85:1 That 
antenna also had the longest RG-11 
lead-in—some 94 feet. (Please refer 
to Randy Stimson's diary for a run¬ 
down of the equipment used) In 
addition to what he mentioned, we 
wired a Sony TC-92 cassette record¬ 
er into the Yaesu FT-726R for taping 
all receptions 

November 25 In attendance was 
KATU-2 and KPTV-12 Randy and I 
had rehearsed and planned a for- 

tion and answer session AH TV sta¬ 
tions preferred to go "by the seat of 
their pants" with a more informal 
approach Both KATU and KPTV 
did major stories on us on their 
evening newscasts On the 27th, we 
reassembled all equipment for 
another arranged news conference 
with KOIN TV-6 They ran an ex¬ 
cellent story on us that evenng 
On November 30. we heard 
Owen Garriott. with readability of 


poor to fair and signal strength of 
fair. Heard him for a portion of 
1834 PST. all of 1836. and part of 
1838. KATU, KCW, KOIN, and 
KPTV, which constitutes all local 
TV stations with news depart¬ 
ments(I), were there to cover the 
event All ran excellent stories that 

and were the lead story in another 
case (Note: TV stations usually do 


Call to shuttle goes unanswered 


consider to be very major events ) 
The Oregonian (the only major dai¬ 
ly in Portland), with statewide 
distribution, also covered the story, 
as did KLCC radio in Eugene (some 
120 miles away), KXl and KYXI 
radio also had stories prior to the 
contact session, even though we 
had not mailed any materials to 
any other radio stations KEX 
played back the tape of Garriott on 
the evening talk show. Northwest 
at Night," and ran several news 
stories on the contact that evening 
and the next morning The KEX 
switchboard received numerous 
phone calls on the subject, mostly 
for information. We pushed the 
1-800-SCANNER number and gave 
them the downlink frequency Jim¬ 
my Hollister and the other KEX DJs 
were talking about the reception of 
Carriott all day, December 1, and 
played the tape of the reception 
during their shows 

Stimson heard Garriott when at 
his home at 1822 PST, with good 
readability and good to very good 
signal strength. A tape of the recep¬ 
tion was run on KEX that evening. 

No response was ever heard to 
our call letters from Garriott except 
probably once. On December 2, 
Owen acknowledged W7 and "2 
other designators" he was not sure 
of. Stan Griffiths (of our group) is 
W7NI. Carriott said he would 
check his tape later to try to iden¬ 
tify the W7 call. 


Michael Brown, 37, has been involved in 



KL7FKO 



T he following is a diary of my 
experiences while attempting 
to contact W5LFL aboard the space 
shuttle Columbia 
Orbit 560. Started to call at 
17:15 Yukon Standard Time An¬ 
chorage Daily News photographer 
Paul Brown and reporter were pres¬ 
ent Transmissions were made at 
17:15/17/19/21/23/27/29/31 No con¬ 
tact 

Orbit 72D. Started to call at 
17:10 YST Channel 2 (KTUU) pres¬ 
ent with rejjorter Geri de Hoog and 
cameraman Barry At 17:14 + , 
heard the call of W5LF- without 
the L almost immediately following 
my call. This signal was not strong 
at all and was in the noise, how¬ 
ever, I don't think that this was a re¬ 
ply. The receive frequency was 
145.550 MHz. I logged this as a no 
contact—could be a ham some¬ 
where far from Anchorage. Trans¬ 
missions made at 17:11/13/15/17/ 
19/21/23/25 YST. No contact. 

On that same night, I heard com¬ 
ments from Australian hams com¬ 
plaining that the windows were 
wrong. A friend of mine heard the 
same comments on HF and report¬ 
ed that to me the next day. 

December 2. There are no win¬ 
dows today However, the receivers 
were constantly on and the re¬ 
corder was ready A ham reported 


to me that Kenai (60 miles from An 
chorage) heard the word "Colum¬ 
bia " I think this was just interfer 
ence or some other ham calling 
Called Jack Burnett. Executive 
Editor of 73 

Orbit 98A. Started to call at 7 30 
YST Transmissions were made at 
7:31/33/35/37/39 I made a mistake 
and also transmitted at 7:42 (after 
the window) No contact. 

Orbit 114A. Started to call at 
7:15 YST. Transmissions were made 
at 7:15/17/19/21/23/25/27. Following 
the last transmission at 7:27,1 heard 
and recorded on tape what a(>- 
pieared to J)e "KL7F- Anchorage, 
Alaska," and "ACG." The transmis¬ 
sion was cutting off and was barely 
above the squelch. I got a little 
shook up and transmitted a few 
times even though the window was 
supposedly closed. I now have my 
doubts about the windows and the 
times. Next window is at 15:07 I 
then left the house and had a friend 
of mine listen to the tape but he 
could not make it out. While there I 
received a phone call from Jack 
Burnett at 13:55 YST advising me of 
a conference call at 17:00 YST 

Orbit 119D. Started to call at 
15:07/09/11/13/15/17/19. No con¬ 
tact. Conference call started at 
16:57 and ended at approximately 
18:25. 

Orbit 130A. Started to call at 
7:11/13/15/17/19 YST and continued 
for 3 more transmissions even 
though window was closed. No 
contact 

Orbit 132D. Even though that 
part of Canada was not supposed 
to be on my schedule, I transmitted 
at 10:01/03/05/07/09 YST No con- 

Orbit 134D. I experienced QRM 
on 145 550 MHz from a local ham 
and I told him to get off the fre¬ 
quency Transmitted at 13:19/21/ 
23/25/27/29/31/33/35/37/41 /43/45/46/ 
49/51/55 YST No contact 

Orbit 135D. No-QRM transmis¬ 
sions made at 14:45/47/49/51/53/55/ 
57/59 I stopped No contact 

My transmitter was a Yaesu 221R 
with a 10-element beam at 63 feet 

scanning 145 530/550/570 with a 5/8 
whip at 41 feet a Yaesu 207R scan 
ning 145 530/550/570 with a rubber 
duckie, and a Tempo FMP 203 at 
145 550 MHz with a 5/8 whip at 22 
feet 

I transmitted and listened and 
transmitted and listened and I real- 
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Switch Tricks 

Ever had trouble setting up switching ? No more . 
The Minnetonka Master makes it easy. 


H ere are two no-non- 
sense approaches to 
switch-circuit design that 
anyone can use to advan¬ 
tage. With these methods, 
you will be able to draw a 
practical switch-circuit dia¬ 
gram for almost any switch- 
based idea you can dream 
up. The first is called the 
"Floating Circuits" method 
because parts of the circuit 
are disconnected and are 
floating free when they are 
not in use. The second is 
called the "Common Bus" 
method because in the early 
stages of the design process 
a bus (a set of connection 
strips or tie-points) is used. 

Let's take a practical ex¬ 
ample of a switching-circuit 
design problem and solve it 
by both methods. I recently 
purchased a nice set of high- 


impedance headphones with¬ 
out cord or plug from a man¬ 
ufacturer's surplus store. To 
decide on what sort of plug 
and cord should be wired in, 
I looked over the various 
pieces of equipment where 
my new bargain could be 
put to use. It was obvious 
from the variety that I really 
needed several configura¬ 
tions of cord and plug, not 
just one. 

It occurred to me then 
that it would be handy to be 
able to change the wiring of 
the phone cord from a 
stereo to a monophonic con¬ 
figuration without having to 
rewire or use an adapter. 
Moreover, it would be even 
handier to be able to trans¬ 
pose left and right when in 
the stereo mode and to 
change from parallel to 


series when in the mono¬ 
phonic mode. If one could 
just switch between these 
four functions, it would per¬ 
mit the use of the same pair 
of phones in several different 
applications. If all this com¬ 
plex switching could be done 
with just one switch, I'd have 
a foxy piece of equipment. 
How many times have you 
found yourself in this sit¬ 
uation, but were stymied by 
your inability to convert 
your wiring concept into an 
electronic circuit? 

This is a typical switching 
problem and one that lends 
itself well to solution by the 
Floating Circuits and the 
Common Bus approaches. 
With a little patience and 
practice, you can be design¬ 
ing fairly complex switching 
circuits simply by following 
a few easy steps. 

1) Find a quiet spot where 
you can think with no inter¬ 
ruptions. Arm yourself with 
a few pencils, a pad of 
paper, and an eraser. (There 
are old-timers who claim 
that after the brain, the 
eraser is the circuit designer's 
most important tool.) 

2) So that you can have a 
convenient overview for ref¬ 
erence and comparison. 


sketch, on a single page of 
paper, the circuits of each of 
the functions to be included 
in the new device. In our 
headphone example, there 
are (A) Stereo Normal, (B) 
Stereo Reversed, (C) Mono 
Parallel, and (D) Mono Se¬ 
ries. Draw these circuits as if 
they were hard-wired for a 
single function, as in Fig. 1. 
Our goal will be to inter¬ 
connect these four circuits 
with a single multi-pole, 
multi-throw switch. 

3) Take a fresh page and, 
using the whole page to pro¬ 
vide plenty of working 
room, sketch in the com¬ 
ponents to be worked with. 
In this case, the components 
are: the right earphone, the 
left earphone, the three-wire 
phone cord, and the phone 
plug. Since the switching ob¬ 
viously is to occur between 
the ends of the three-wire 
cord as the input terminals 
and the four connections to 
the two earphones as the 
output terminals, a fair 
amount of blank space 
should be left between in¬ 
put and output for circuit 
development. (See Fig. 2.) 

4) Now two simple rules 
for adding the switching can 
be applied: 



Fig 1. Sketches of all circuits desired 
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(a) Always connect each 
input terminal and each out¬ 
put terminal to the movable 
arm (called the wiper, blade, 
or pole) of a switch symbol, 
and give each a number for 
convenience of location. 
(The example has seven 
such terminals, numbered 
from 1 through 7.) 

(b) For each switch arm, 
sketch in as many contacts 
(throws) as there are func¬ 
tions desired, and identify 
each with the letter corre¬ 
sponding to the function cir¬ 
cuits you drew in your Fig. 1. 
Keep the same sequence 
from left to right in each 
switch set (The example has 
four functions, so each 
switch assembly will have 
contacts A, B, C, and D.) 

When you have gotten 
this far, your sketch will 
resemble Fig. 3 and you are 
ready to start drawing in the 
function circuits of Fig. 1. To 
familiarize you with the 
techniques, these circuits 
will be "wired" to the proper 
switch contacts first by the 
Floating Circuits method 
and then by the Common 
Bus method since often it is 
possible to gain additional 
advantages by evaluating 
both approaches. 

5) In the Floating Circuit 
method, a single circuit and 
a single set of contacts are 
dealt with at a time until all 
four circuits have been con¬ 


nected. Begin with the cir¬ 
cuit for function A and each 
switch assembly's contact 
A. Start with the input con¬ 
nections. Sketch in circuit A, 
connecting the input con¬ 
tacts 5A, 6A, and 7A to the 
appropriate inputs of the cir¬ 
cuit, and then sketch in the 
output connections to 1A, 
2A, 3A, and 4A. When this is 
done and checked, sketch in 
circuit B, making the proper 
connections to all seven 
contact Bs. Do the same for 
circuits C and D. With all 
four circuits drawn in, it will 
resemble Fig. 4. 

Note that when all seven 
switch arms are swung to 
contact A simultaneously, 
circuit A alone connects in¬ 
put to output When all 
seven switch arms are 
swung to contact B simul¬ 
taneously, circuit B alone 
connects input to output, 
and so forth. Switches 
whose arms are connected 
mechanically so that they 
all may be swung simulta¬ 
neously to a specific set of 
contacts are said to be 
"ganged." This is usually 
represented in a diagram by 
a dotted line. In the switch¬ 
ing diagram you have just 
designed, every circuit ex¬ 
cept the one in use floats 
completely free of electrical 
connection to the working 
circuit In certain rf applica¬ 
tions (such as bandswitch 



terminals. 




Fig. 2. Sketch of components needed for circuits. 


circuits), this can be a 
desirable characteristic. 

6) The Common Bus 
method will now be applied 
to solve the same problem 
in hopes of obtaining some 
simplification advantages. 
Taking a fresh page of 
paper, redraw Fig. 3 leaving 
plenty of room for circuit 
development Sketch in a 
horizontal bus whose num¬ 
ber of parallel elements is 
equal to the largest number 
of terminals in either the in¬ 
put or output. The example 
has a three-terminal input 
and a four-terminal output, 
so the bus will have 4 paral¬ 
lel elements. These are rep¬ 
resented schematically as 


four parallel lines. Your 
sketch should look like Fig. 5. 

7) Sketch function A's cir¬ 
cuit between the contact As 
of all seven switch assem¬ 
blies. (Such circuits are made 
easy to sketch by thinking of 
the bus elements as a conve¬ 
nient set of tie points.) Start¬ 
ing at the end of the circuit 
with the least terminals, in 
this example the input, con¬ 
nect each input switch con¬ 
tact A (5A, 6A, 7A) to a sep¬ 
arate element of the bus. To 
complete the circuit, it is 
necessary only to connect 
the output contact As each 
to the proper bus. Check the 
work against A in Fig. 1 to 
ensure correctness. 



Fig 4. All four circuits of Fig. 1 drawn in (Floating Circuits 
method). 
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Fig 5. Bus bars added to Fig 3 sketch. 


Fig 6. All four circuits of Fig 1 are drawn in (Common Bus 
method). 


8) Now take your eraser 
arid erase all seven switch 
arms that connect to con¬ 
tact A. Redraw them, this 
time connecting them with 
contact B. This may seem 
childish, and you may be¬ 
lieve you'll remember that 
you're working with Bs in¬ 
stead of As, but as switching 
complexity builds, use every 
design aid that helps to keep 
you from getting mixed up. 

9) Circuit B now can be 
sketched between the con¬ 
tact Bs of all seven switches. 
Looking at the input first, we 
see that all three input Bs 
can be connected to the bus 
elements as before. To com¬ 
plete circuit B, it again is 
necessary only to connect 


the output terminal contact 
Bs to the proper bus, using B 
in Fig. 1 as a guide. Both 
stereo functions are now 
designed in. Check your 
work carefully. 

10) After erasing the 
switch arms on all seven 
switches and redrawing 
them all in the C position, 
circuit C can be sketched 
between the contact Cs. As 
usual, we start at the input 
end and connect the con¬ 
tact Cs to the bus. This time, 
however, it can be seen from 
the circuit diagram that 
while input terminals 5 and 
6 connect to the bus as 
before, terminal 7 must con¬ 
nect with terminal 6. This is 
easily done using the proper 


bus element as the tie point. 
Whenever possible, all cir¬ 
cuit connections are made 
via the bus elements To 
complete circuit C, one now 
simply connects the output 
terminal contact Cs to the 
proper bus elements, accord¬ 
ing to C in Fig. 1. Checking 
this new addition requires 
care since one must be cer¬ 
tain that no unwanted path¬ 
ways are possible through 
parts of the circuit that are 
not in use. 

11) Putting the eraser to 
good use once more, the 
switch arms are all trans¬ 
ferred to contact D, Circuit D 
can be added now, checking 
it carefully against D in Fig. 1. 
The input terminal contact 
Ds are connected as they 
were for function C. To com¬ 
plete circuit D, the bus 
elements are used as tie 
points for output connec¬ 
tions ID and 4D as before, 
and in addition, it is now 
necessary to use the fourth 
bus element as a jumper be¬ 
tween contacts 2D and 3D to 
complete the circuit Your 
switching circuit should now 
look like Fig. 6. 

This completes the func¬ 
tional design but it doesn't 
complete the circuit dia¬ 
gram. Multi-pole, multi¬ 
throw switches are not the 
cheapest of components, so 
one wants to keep them to 
as few sections as possible. 


Moreover, the more poles 
they have, the bigger they 
must be Additionally, a 
good circuit becomes a bet¬ 
ter circuit if it can be 
simplified: There are fewer 
connections to be made and 
therefore fewer chances for 
mistakes; there are fewer 
components to fail, and 
there is less of a headache to 
treat when servicing. For 
these reasons, we must in¬ 
clude two more steps in the 
design of our prototype 
switching circuit to provide 
analysis and simplification. 

12) It's at this point that 
you will appreciate having 
chosen an area for work 
where you can be free to 
think without interruption. 
Look closely at your version 
of Fig. 6, noting carefully the 
connections made to each 
switch assembly, with an 
eye to simplification Ob¬ 
serve what has happened: 
The contacts of switch 4 all 
connect to the same bus ele¬ 
ment as do the contacts of 
switch 5 and switch 6 re¬ 
spectively. If all contacts of 
a switch connect to the 
same point electrically, it 
provides no function and 
generally can be eliminated 
and replaced by a single 
connection. This allows the 
elimination of switch assem¬ 
blies 4, 5, and 6 and more 
than two dozen connec¬ 
tions. You'll appreciate this 















when the time comes for 
purchasing the switch and 
wiring it in. 

13) The last step is a re¬ 
finement of the previous 
one. Wherever the "artwork" 
in your circuit diagram can 
be simplified or clarified 
without sacrifice of func¬ 
tion, do so. Replace redun¬ 
dant pathways with a single 
one; remove nonfunctional 
blind ends from the bus 
elements (the bus may dis¬ 
appear entirely in some de¬ 
signs); use short intercon¬ 
nections instead of long 
ones; minimize the number 
of crossovers wherever you 
can. When you are done, 
your prototype circuit will 
look like Fig. 7 and any of 
the four functions can be se¬ 
lected with a single 4-pole, 
4-throw switch. In my proto¬ 
type headphone set there was 
room to mount a midget 4- 
pole, 4-throw rotary switch 
in one of the phones, giving 
a good professional ap¬ 
pearance. 


A few words of advice: 
While the methods outlined 
above are good tools for 
helping the beginner solve 
complex switching prob¬ 
lems, they are not the only 
ones and they do not substi¬ 
tute for good old-fashioned 
common sense. There may 
be times when the problem 
is solved best by a combina¬ 
tion of methods or by one of 
the many other ones avail¬ 
able Many complex com¬ 
mercial design problems in 
switching are now solved by 
computer, for example. But 
by whatever means you 
derive a switching circuit, it 
must be checked and re¬ 
checked to ensure freedom 
from unwanted pathways 
lurking in the wiring, quite 
unsuspected. 

When used with reason¬ 
able diligence, the methods 
described here provide the 
beginner with an excellent 
starting point and often the 
complete solution for most 
switching design problems. ■ 
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LEDs You've Never Seen 

What are these little lights? What do they do? 
This is the book. 


Calvin R. Crat WHI M 
207 Zornia 

San Antonio TX 78213 

T he light-emitting diode 
(LED) is indeed an 
amazing solid-state light. 
Its development, applica¬ 
tion in the electronics and 
electrical world, and ac¬ 
ceptance by the consumer, 
housewife, student, and 
everyday person are as 
amazing as those of the 
transistor. In fact, the LED 
is a very close kin of the 
transistor—they both are 
solid-state devices, have 
junctions of P and N materi¬ 
al, use very little power, and 
generally operate for a life¬ 
time. In this article, we will 
detail the history, theory of 
operation, types, and func¬ 
tions of the LED, describe 
some applications, and 
take a look into the future 
of the LED. 

History 

As with many inventions 
and innovations in science 
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and technology, the origin 
of the LED goes back many 
years. It was in 1907 that 
Henry ). Round, an elec¬ 
trical engineer, touched 
two wires connected to a 
battery to a piece of crystal 
of silicon carbide that had 
been found near Niagara 
Falls, New York. Using a 
potential of 10 volts dc, he 
connected the two wires 
across the two points on the 
crystal and found that the 
crystal gave out a yellowish 
light. Again, as with many 
great discoveries, he could 
not possibly have known of 
the terrific impact his 
"flashes of yellow light" 
would have on our daily 
lives some 60 years later. 
For additional details on 
the LED, consult the book 
Light-Emitting Diodes by 
Forrest M. Mims III (How¬ 
ard W. Sams and Co., In¬ 
dianapolis, Indiana). 

It is interesting to note 
that the first light emitted 
by an LED was yellow, as 
this color was to be one of 


those produced later in 
commercial quantities, red 
being the only color devel¬ 
oped cheaply enough at 
first to be used in great 
quantities. Red LEDs were 
followed by green LEDs and 
then the orange or orange- 
red color came along Blue 
LEDs are still expensive and 
are not readily available to 
the popular experimenter 
The LED is a source of 
cold light, much like the flu¬ 
orescent lamp which is 
gaining so much popularity 
as a means of conserving 
energy, as it generates little 
heat and is much more effi¬ 
cient than an incandescent 
lamp If Mr Round had 
kept his yellow flashes of 
light burning continuously 
all this time, there would 
still be about 30 years to go 
before he would notice his 
light decreasing slightly in 
intensity. Because the life¬ 
time of an LED is so long — 
100 years—its lifetime is 
measured by its intensity or 
light output. When it is half 


as bright as it was, about 
100 years will have gone by. 
Assuming linearity, when it 
is one-fourth as bright, 200 
years will have gone by! 
The LED is indeed a Star 
Trek timing device for trav¬ 
eling to far galaxies. When 
it is completely out, 1000 
years will have gone by! 
Contrast that to the 75-Watt 
incandescent light bulb 
which lasts an average of 
750 hours (4Vi weeks con¬ 
tinuously) before it goes 
"poof" in a flash of no light 

Theory of Operation 

Let's take a close look at 
the LED to see how it pro¬ 
duces light In Fig 1, we see 
a PN junction which is the 
building block for ail solid- 
state devices such as LEDs, 
diodes, transistors, and 
other current-controlled de¬ 
vices Following electron 
theory that like charges re¬ 
pel and unlike charges at¬ 
tract, the anode of the PN 
junction of the diode will 
attract electrons, while the 





Fig. 1. Forward-biased PN junction emits light when excited 
electrons return to rest state. 


cathode (negative) of the di- region of the LED. They are 
ode will attract positive usually made so the light 
"holes" (an atom missing an generated at the PN junc- 
electron). This movement tion has to travel just a 
of electrons and holes con- short distance before being 
stitutes a current flow and emitted into space where 
will continue as long as the we see it as light When you 
voltage polarity is as shown hold a lighted LED up close 
in Fig. 1 The diode is for- to the eye, you can see 
ward-biased (anode posi- the cat's-whisker-type wire 
live) at this time and causes terminal connection going 
current (electron) flow, over to the PN junction 
When the polarity is re- from whence cometh the 
versed (anode negative), the light, 
diode is said to be back- 

biased and almost no cur- Wavelength of Operation 
rent flows. The electrons The wavelength of opera- 
move across the PN junc- tion for each of the colored 
tion to fill holes and the LEDs is shown in Fig. 2. 
holes move across the junc- Note that the green LED is 
tion to occupy spaces at a wavelength of 555 
(holes) vacated by the nanometers CIO -q meters), 
electrons. the maximum sensitivity of 

Light is generated when the human eye, while the 
an excited electron returns red LED is at 660 nanome- 
to its normal state of equi- ters where the eye "sees" 
librium by combining with only 5% to 10% of the total 
a hole in the valence band, radiant energy from the red 
its state of rest in the atom- LED. And, of course, the in- 
ic structure The PN junc- frared LED energy output is 
tion diode is the device for at the long wavelength of 
raising a number of elec- 900 nanometers which we 
trons into the excited state can't see at all. 
so that they can fall back in¬ 
to a state of equilibrium Types.and 
and produce light while do- Functions of LEDs 
ing it. The N side of an LED The pocket calculator 
junction absorbs much less and quartz crystal wrist- 
light than the P side, so the watch really introduced 
N side is usually employed LEDs to the general public, 
as the main light-emitting These were in the form of 



Fig. 2. Wavelength plotted against radiant energy output 
from green, yellow, red, and infrared LEDs. 



Fig. 3. Basic single<olor 
LED. 


seven-segment numerals 
used for the display where 
each segment of the numer¬ 
al was made up of one or 
more LED strips or a matrix 
of dots. There is little doubt 
that the pocket calculator 
was made possible by the 
development of the LED 
display, as all other types of 
displays were too large or 
required large amounts of 
electrical power. The liquid 
crystal display (LCD) which 
has become popular in 
wristwatches and pocket 
calculators was not perfect¬ 
ed until a number of years 
had gone by. The original 
LCDs were affected by 
operating temperature and 
bright sunlight so that they 
had to be replaced by a 
jeweler every several years. 
In the section below, we 
will discuss the types of 
LEDs which have been de¬ 
veloped to date and which 
have specific functions. We 
will then take a closer look 
at how these types may be 
applied to specific and gen¬ 
eral applications. 

LED. The basic LED is a 
single-color, on-off device. 
Fig. 3 shows the symbol for 
the basic LED which can be 
obtained in colors of 
orange, green, yellow, and 
red. They are always used in 
conjunction with a current- 
limiting resistor. This simple 



Fig. 4. LED with current-lim¬ 
iting resistor in same case. 

LED is used as an on-off in¬ 
dicator, as a segment or dot 
matrix for numeral displays, 
the transmitter for optical 
couplers, and the like The 
voltage drop across the 
LED itself is 1.6 V dc for red 
and a nominal 2 volts for 
green. 

LED with Current-Limit¬ 
ing Resistor. An LED must 
always be operated with a 
current-limiting resistor in 
series. Fig. 4 shows a symbol 
for an LED with a series re¬ 
sistor packaged within the 
epoxy case. These units are 
designed for operation at 5 
V dc TTL logic level and are 
available for other operat¬ 
ing voltages. 

LED with Resistor and 
Diode When an LED is op¬ 
erated off an ac voltage, it 
must be provided with re¬ 
verse-voltage protection as 
the reverse-voltage break¬ 
down is a nominal 3 to 10 
volts This protection must 
be in the form of a diode or 
another LED in reverse po¬ 
larity parallel with the LED. 
The average signal diode 
can withstand 50 to 100 
volts peak inverse voltage 
(piv), but the average LED is 
limited to a nominal 3 V dc 
piv. Fig. 5 shows an LED 
complete with series drop¬ 
ping resistor and a reverse- 
protection diode, all in one 
package. Even though there 
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Fig. 5. LED with combined 
current-limiting resistor and 
reverse-protection diode in 
one package. 



Fig. 6. Tri-color LED is 
achieved through reverse- 
parallel connection of 2- 
color LED chips. 



Fig. 7. The dual<olor LED 
has 3 pins and is mounted in 
a single epoxy package. 



Fig. 8. Proposed graphic 
symbol for flasher LED. The 
1C chip is molded into the 
plastic case. 



Fig. 9. Proposed graphic 
symbol fora voltage-sensing 
LED. The LED turns on with¬ 
in 10 mV of the threshold 
voltage, V i H . 
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are 3 electrical components 
in the package, they are 
available for about 36$ in 
quantities of 1000, A 5-volt 
source can be used to drive 
these type LEDs directly; 
they are also available to in¬ 
terface with a 12-volt 
source, ac or dc. 

Tri-Color LED. The tri-col¬ 
or LED is really a two-color 
LED connected in reverse 
polarity paralleled in a 
single package as shown in 
Fig. 6. Two LED chips of dif¬ 
ferent colors (red and 
green) are packaged in the 
same epoxy case. The char¬ 
acteristics of the chips are 
chosen so that when the red 
LED is on it appears as 
bright as the green LED 
when it is on. The red is at a 
wavelength of 697 nano¬ 
meters while the green is at 
a wavelength of 565 nano¬ 
meters, close to the maxi¬ 
mum sensitivity of the hu¬ 
man eye. These LEDs have 
a typical light output of 
about 2 millicandelas (2 
thousandths of a candle 
power) at a current flow of 
10 mA. As the LEDs provide 
reverse-polarity protection 
to each other, the unit can 
be operated on an ac volt¬ 
age (with suitable dropping 
resistor). When operated on 
60-Hz current, one LED will 
be on when the voltage is 
positive and the other LED 
will be on when the voltage 
is negative To the eye, the 
LEDs will appear to be yel¬ 
low or yellow-orange since 
the eye will integrate the 
discrete flashes of red and 
green and turn them into a 
yellow-orange We will dis¬ 
cuss the effect further under 
Applications of the LED. 

Dual-Color LED. Once 
again we have two LED 
chips mounted in one pack¬ 
age to simplify circuit de¬ 
sign. However, the dual-col¬ 
or LED has two separate an¬ 
odes and a single cathode 
connection as we see in Fig. 
7 This LED package has 3 
pins since the two anodes 
have separate pins while a 
common cathode connec¬ 
tion is used. This type of 
LED is useful as it replaces 


2 separate panel indicators, 
with the 2 color leads simul¬ 
taneously available. The 
unit is suitable for dynamic 
color multiplexing and is 
ideal for an active visual in¬ 
dication of binary and tri- 
nary electronic states 
(orange-red —on or off, 
green—on or off, both—on 
or off). 

The Flasher LED. This 
LED does not wear a rain¬ 
coat which it "flashes" 3 
times per second, as its 
name might imply. It does, 
however, have a built-in 1C 
chip which acts as a timer 
so that current pulses 
through the LED, flashing 
its red light 3 times per sec¬ 
ond. As there is no standard 
graphic symbol for the 
flasher LED, the symbol 
shown in Fig. 8 is proposed 
and has appeared in several 
magazines. 

The 1C chip which is 
molded in with the LED in 
an epoxy case is usually vis¬ 
ible through the red plastic 
case as a small black square 
dot about the size of a let¬ 
ter n of the print in this mag¬ 
azine. Considering the size 
of the chip, it is amazing to 
think that it is able to not 
only time the flash rate but 
also control the passage of 
20 mA at 5 volts through the 
LED. Try doing that with 
discrete RC components 
the size of a pinhead! The 
red light output is 1.2 
millicandelas at 5 V dc No 
external parts are required, 
and it will operate directly 
off 5 V dc TTL logic level. 
The typical flash rate is 3 
flashes per second at 5 V dc 
with a peak emission in the 
red spectrum at a wave¬ 
length of 650 nanometers. 

Voltage-Sensing LED This 
LED also makes use of an 
integrated circuit to per¬ 
form its function of sensing 
the voltage level applied 
across its terminals. When 
the input voltage exceeds 
the threshold voltage, V IH , 
the LED turns on In fact, it 
“snaps on" within 10 mV of 
a nominal 2.7 V dc and will 
stay on as the voltage con¬ 
tinues to increase up to a 


maximum of 5 V dc. This 
LED can be used as a push- 
to-test battery voltage 
tester, VU meter, etc. Fig. 9 
shows the graphic symbol 
for the voltage-sensing LED, 
and again the symbol 
shown is proposed- Within 
the 1C chip is a tempera¬ 
ture-compensated refer¬ 
ence voltage and a high- 
gain comparator which pro¬ 
vides an unambiguous indi¬ 
cation by the LED turn-on 
of the input voltage with re¬ 
spect to the threshold volt¬ 
age Through use of an ex¬ 
ternal resistor, diode, or 
zener in series with the LED 
chip, the threshold voltage 
may be increased to any de¬ 
sired voltage. When a resis¬ 
tor is placed in parallel with 
the LED chip, the LED may 
be used as a current-sensing 
device. Refer to the Appli¬ 
cations section for addi¬ 
tional details. 

Infrared LED In appear¬ 
ance the infrared LED looks 
like any ordinary LED, 
whether it is housed in a red 
or clear epoxy case. The on¬ 
ly thing is that the human 
eye cannot see the IR 
energy, so you can't tell 
whether it is on, off, good, 
or bad. The IR LED is used 
as a transmitter in intrusion 
devices, as the send end of 
a communications line (fi¬ 
ber optic or line-of-sight), as 
an object counter in con¬ 
veyer belts, and for auto¬ 
matic flushing of urinals 
Fig. 10 shows the graphic 
symbol forthe IR LED. Note 
that it is identical to the vi¬ 
sual LED except that IR has 
been added to the arrow 
light symbols. In the Appli¬ 
cations section, we will dis¬ 
cuss how you can easily tell 
if the IR LED is operating 
properly 

Applications of the LED 

In this section we will dis¬ 
cuss some applications of 
the various types of LEDs 
Other applications will 
come to mind as you be¬ 
come more familiar with 
the capabilities of this 
really marvelous solid-state 
light. 





Fig. 10. The IR LED looks 
identical to the visible LED 
except its wavelength is 
longer and the eye cannot 
see its emission. 


Fig. 77. Circuit for red LED 
drawing 20 mA at voltages 
shown. 

Indicators. In their 
simplest form, the LED is 
used as an indicator of the 
presence of a voltage or 
current —a pilot light. But it 
will never burn out in your 
lifetime. Always use a 
current-limiting resistor to 
limit the current to 5 to 20 
mA depending on the LED. 
Fig. 11 shows a circuit for 
LED operation at 20 mA for 
3 Vdc, 5 Vdc, 12 V dc, and 
24 V dc. The voltage drop 
across the red LED is 1.6 V 
dc and the green LED is a 
nominal 2.1 V dc. 

Displays. Alphanumeric 
displays were the first to 
take advantage of the low 
power consumption of the 
LED, the first of these being 
the 7-segment numeral so 
widely used as pocket cal¬ 
culator displays. These nu¬ 
merals usually have a com¬ 
mon cathode or anode as 
shown in Fig. 12. The 7 seg¬ 
ments are lettered a through 
g for identification. A sepa¬ 
rate dropping resistor is 
used for each segment. A 
binary-coded-decimal 
(BCD) decoder and driver 
are used to turn on the 
various segments to form a 
numeral or digit. 

Communications. When 
used as a source of energy 
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Fig. 12. Seven-segment numeral display with common 
cathode. 




Fig. 13. An LED transmitter modulated by a transistor radio Eig. ]he LED can serve 
earphone output. as a voltage regulator for 

low current needs. 


for light-beam communica¬ 
tions systems, the LED is 
modulated in some manner 
by turning it on and off 
by intensity modulation 
(which the eye cannot ob¬ 
serve much above about 12 
Hz) or pulse position modu¬ 
lation. In Fig. 13, we see the 
circuit of an LED being 
modulated by the audio 
output from a transistor ra¬ 
dio. The audio from this in¬ 
tensity-modulated light 
beam can be recovered by 
connecting a silicon or sele¬ 
nium solar cell across the 
audio input of a phono am¬ 
plifier or any audio amplifi¬ 
er. This simple transmitting 
and receiving system will 
demonstrate the basics of 
light-beam communica¬ 
tions. For many interesting 
details and experiments on 
light-beam communica¬ 
tions, including historical 
details on Alexander Graham 
Bell's Photophone commu¬ 
nication system using a sun¬ 
beam, see Light-Beam Com¬ 
munications by Forrest M. 
Mims III (Howard W. Sams, 
1975). 

Voltage Regulator. The 
voltage drop across an LED 
is rather constant, even 
with greatly increasing cur¬ 
rent through the LED. In Fig. 
14, we see a circuit which 
uses an LED as a voltage 
regulator. The accompany¬ 
ing curve of current through 
the LED vs. the voltage 
drop across the LED shows 
how constant the drop is at 



Fig. 15. The threshold turnon voltage can be increased by 
using an external component with the voltage-sensing LED. 


1.6 volts for a red LED. The 
voltage input range can be 
increased by placing a 
number of LEDs in series or 
the output current capacity 
of the LED regulator can be 
increased by paralleling 
several LEDs. The circuit is 
especially handy where the 
load current is not great; at 
the same time, the light 
LEDs will indicate circuit 
operation. 

Voltage-Sensing. The 
nominal 2.7-V-dc threshold 
voltage of the voltage-sens¬ 
ing LED can be increased in 
several ways by applying in 
series with the LED other 
devices that have known 
fixed voltage drops. In Fig. 
15, we see how these vari¬ 
ous external components 
such as an LED, a diode, 
etc., are placed in series 
with the sensor to increase 
the turn-on voltage level. 

Stroboscopic Light Source. 
LEDs can be turned on and 
off in a matter of nanosec¬ 
onds. Because of this capa¬ 


bility, they can be used as a 
stroboscopic light source. 
The most common applica¬ 
tion of such a light source is 
the home music record 
turntable. They ordinarily 
use a neon bulb with an or¬ 
ange glow to indicate when 
the turntable is running at 
the desired speed. The neon 
bulb will flash at the rate of 
120 flashes per second 
when operated off 60-Hz 
power as the neon gas 
ionizes on either polarity of 
the line voltage. A single 
LED, however, will flash at 
a 60-Hz rate when config¬ 
ured as in Fig. 5. Two red or 
green LEDs can be made to 
flash at 120 flashes per sec¬ 
ond when connected in re¬ 
verse polarity parallel as 
shown in Fig. 6. 

Light Flashers Light Source. 
The light output of LEDs 
has been increased over the 
years by manufacturers as 
new materials and tech¬ 
niques have become avail¬ 
able. Today, the light out- 
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put from an LED can be as 
bright at 5 mA as it used to 
be at 50 mA. Early LED light 
intensity output was 1 to 5 
millicandelas, but now they 
are available with outputs 
around 100 millicandelas in 
the green spectrum One 
bright green LED readily 
available is the Xciton XC- 
5549-G24 which puts out 24 
millicandelas at 10 mA. 
This LED is bright enough to 
cast a green spot 3 feet 
away and can be ganged 
(paralleled) to make a solid- 
state flashlighter that can 
be placed in series with a 
common dropping resistor. 
Remember, the green LED 
has a nominal operating volt¬ 
age of 2.4 to 2,7 V dc de¬ 
pending on the type of mate¬ 
rial used in manufacture. 

A circuit for flashing the 
LED is shown in Fig. 16. This 
circuit uses a 3909 LED 
flasher-oscillator 1C chip 
(National LM 3909 or Radio 
Shack 276-1705) to pulse 
the current through the 
LED. With the circuit values 
shown, the LED will flash 
once each second for about 
a year using 2 C-cells. The 
unit can be packaged in a 
spray-can top and will serve 
as an attention-getter 
placed in a window to indi¬ 
cate to all that can see it 
"that the intrusion warning 
device is on and armed"; it 
also makes a great conver¬ 
sation piece for your desk. 
The 3909 1C chip is avail¬ 
able for about $1.00 at local 
electronics stores. 


—«£• 
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Fig. 16. This 1C chip circuit 
will flash an LED once per 
second for about a year on 2 
C-cells. 
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The flasher LED which 
operates at 5 V dc and 
flashes 3 times per second 
has an internal 1C chip 
which is sensitive to light. 
This phenomenon can be 
used to change the flash 
rate of the LED. Certain 
flasher LEDs can be used as 
sensors to tell the differ¬ 
ence between a cloudless, 
sunlit sky and a cloud pass¬ 
ing in front of the sun. Try 
several flashers until you 
find one that shows this ef¬ 
fect best. I n F ig. 17, we see a 
cross-section of a flasher 
LED by AEG-Telefunken 
(CQX-21); in Fig. 18, we see a 
block diagram of the elec¬ 
tronics that is inside the 1C 
chip. 

In Fig. 19(a), we see a 
green LED placed in series 
with a red flasher LED, both 
of them across a 9-volt bat¬ 
tery so that they flash in 
unison. A piezo sounder 
can also be placed across 
the green LED to pulse each 
time the green LED flashes. 
There is no current drawn 
from the battery during the 
off-duty cycle. The piezo 
sounder is available from 
Radio Shack as RS 273-060 

Fig. 19(b) shows 2 flashers 
placed in series with a green 
LED; now we find that the 
LEDs pulse in series so that 
they go "blink-blink, blink- 
blink," while the piezo 
sounder goes "beep-beep, 
beep-beep." The flash rate 
and current drawn from the 
9-volt battery are also 
shown in Fig. 19. The circuit 
should flash for several 



Fig. 17. Cross-section of the 
construction of the AEG- 
Telefunken CQX-21 Blink- 
LED. 


years off a type-F (6-volt) 
battery. 

Linear Indicator Display 
Meter. Because the LED can 
respond instantaneously to 
applied voltage, use of the 
light-bar voltage or signal- 
amplitude linear vertical or 
horizontal meter has 
become popular. These 
light-bar meters are espe¬ 
cially popular in the audio 
and music entertainment 
field as the moving display 
is rather dynamic in opera¬ 
tion. They will be used 
more and more in the fu¬ 
ture because the linear 
scale can be observed from 
a distance considerably fur¬ 
ther away than can an ordi¬ 
nary meter with moving 
needle. 

Visual AND, OR, and 
NOR Gate Indicators. The 
dual-color LED can actually 
display 3 color conditions 
plus off to indicate the 
logic AND state (red and 
green on), OR state (red on 
or green on), and NOR state 
(neither red nor green on; 
both off). With the red and 
green on at the same time, 
the color will appearyellow 
or orange to the eye. The tri¬ 


color reverse-parallel-con¬ 
nected LED will indicate 
red, green, or yellow in col¬ 
or. These will indicate the 
logic states as described 
above but can also be used 
to ascertain a voltage polar¬ 
ity state such as green for a 
positive voltage, red for a 
negative voltage (or current 
reversed from the green or 
positive voltage), or yellow 
for an ac voltage 

Light Detector or Sensor 
All semiconductor junction 
devices possess some 
degree of light sensitivity 
Glass-encased diodes, 
LEDs, and transistors are all 
light-sensitive. An LED is in 
effect a bi-directional pho¬ 
tovoltaic device That is, 
voltage applied to the LED 
causes it to emit light. But 
shine a light on the LED and 
it will produce a small volt¬ 
age across its terminals. Fig 
20 shows an LED being 
driven by a transistor radio 
output; a few inches away, 
an LED acts as a light pick¬ 
up feeding an audio ampli¬ 
fier. With this simple ar¬ 
rangement, you will be able 
to demonstrate this light 
fantastic of the LED. In- 



Fig. 18. Block diagram of the electronics within the 1C chip 
of the CQX-21 Blink-LED. 



1 30, minute 15 mA 

2 40 pair minute 5 mA 

Fig. 19.(a) Red flasher LED connected in series with a green 
LED. (b) Two red flashers connected in series with a green LED. 
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Fig. 20. The LED used as a transmitter and detector of light 
energy. Transmission through space is shown in (a), while 
(b) depicts the use of the LED as an optical coupler. 


frared LEDs have greater 
sensitivity to light than do 
visual LEDs. 

As a further demonstra¬ 
tion of the light effect of a 
diode, take a glass-encased 
diode and connect it across 
the input to your audio 
amplifier. With the over¬ 
head lights on, you should 
be able to hear a 120-Hz 
hum with the audio gain 
turned up. Cover up the 
LED with your hand and the 
hum will go away. 

You can make an LED op¬ 
tical coupler by using two 
LEDs head-to-head and 
held together by heat- 
shrink tubing which has 
been shrunk around the two 
LEDs. Either end of the 
coupler can be the send or 
receive link. 

Intrusion Detector Light 
Source. As described earli¬ 
er, the IR LED can be used 
as a transmitter for an intru¬ 
sion device which bounces 
an invisible beam around a 
room. Through the use of 
mirrors, a room can be criss¬ 
crossed with the invisible 
beam light When the beam 
is interrupted by anyone, an 
alarm is sounded. In the 
next section we ll discuss 
how you can tell if an IR 
LED is "alive and well" 
even though you can't see 
its radiation. 

Continuity Tester The 
LED can be used as an inex¬ 
pensive continuity tester by 
connecting it as shown in 
Fig. 21. Use two AA cells to 
provide 3 V dc or use a 
9-volt transistor battery 
that has been discarded as 
it will provide many months 
of additional service. You 
can build the unit in a dis¬ 
carded plastic top from a 


spray can or a plastic medi¬ 
cine pill bottle. The LED 
will be brightest when the 
probes are shorted together 
(zero Ohms) and really dim 
for a high resistance (10k 
to 20k). 

Voltage Tester. In Fig. 22, 
we see the circuit diagram 
for a voltage tester using an 
LED as the indicator of volt¬ 
age level. With the values 
shown, the tester will oper¬ 
ate over a voltage range 
from 1 to about 30 volts ac 
or dc. The LED will be dim 
at 1 V and bright at 30 V 
The voltage tester will oper¬ 
ate off ac or dc because of 
the reverse-polarity LEDs. 
In addition, because either 
LEDwill light up on an ac or 
dc voltage, it is not neces¬ 
sary to observe polarity of 
the probes before placing 
them across the circuit to 
be tested. 

Wheatstone Bridge. The 
direction of current flow is 
indicated by 2 LEDs that are 
connected in reverse polari¬ 
ty paralleled as we havedis- 
cussed before. Because of 
this indication, the LEDs 
can be used to take the 
place of a galvanometer in 
a Wheatstone bridge. The 
circuit is shown in Fig. 22 


^ CONTINUITY 


Fig. 21. The LED used as a 
continuity tester by adding a 
battery and resistor. 

and the two separate LEDs 
or dual-color single plastic 
package can be used. A 
photocell is used to set a 
light level and a poten¬ 
tiometer is used to null the 
LEDs so they both go out or 
are equally dim. Then, as 
the light level is increased 
or decreased, by changing 
the light level or moving to 
or from the source, one or 
the other LEDs will become 
equally dim or almost out. 
In this manner, the same 
light level can be set by a 
room dimmer or walking to¬ 
ward or away from the light 
source 

The LED in Motion. As 
discussed earlier, the LED 
will flash on each time its 
anode goes positive with re¬ 
spect to its cathode. When 
an ac or pulsating dc volt¬ 
age is applied to its termi¬ 
nals, the LED will flash on 
and off. If the flash rate is 
from about 12 to 16 flashes 
per second, the LED will ap¬ 
pear to be on all the time 
because the human eye 
cannot observe the individ¬ 
ual flashes. Most LEDs are 
stationary in use and we 
cannot observe the effect 
unless we can move the 
LED fast enough. In order 
to observe that a pocket 
calculator LED display is 
being turned on and off. 



Fig. 23. This short-proof LED power supply and tester will 
work with any color or voltage LED. 



Fig. 22. A light-sensitive 
Wheatstone bridge which 
uses two LEDs to indicate 
when the bridge is balanced. 

that is, being multiplexed, 
move the lighted display 
rapidly in an arc at arms 
length. You will observe in¬ 
dividual numerals or seg¬ 
ments being multiplexed. In 
the section that follows, a 
means of flashing or pulsing 
the LED is described, but 
for additional details on the 
moving LED, see One-Eve¬ 
ning Electronic Projects by 
the author (published by 
Howard W. Sams, 1980). 

An LED Power Supply 
and Tester 

A question to be asked 
about any LED that you are 
going to use in a circuit con¬ 
cerns the condition of the 
LED and its connections if it 
is a numeral display. Also, 
how do you tell if an IR LED 
is OK to use in a circuit you 
are building? Fig. 23 shows 
a simple circuit that you 
can use to test any LED, di¬ 
ode, or transistor. You can 
use it to test any LED for 
proper operation, identify 
the anode and cathode in 
case the leads have been 
cut off, and identify the seg¬ 
ments of any of the numer¬ 
al digit displays. You'll be 
able to tell which LED is the 
brightest you have and sep¬ 
arate them out by color 
before you install them in a 
circuit. 

Looking at the circuit dia¬ 
gram you'll see that the 
probes have been labeled as 
Plus probe and Minus probe, 
and that the associated LED 
is also labeled P and M. Use 
a red or bright-colored lead 
for plus and a black or dark 
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Fig. 25. A single-color LED strokes out a dashed line when 
moved (a), while a bi-color LED strobes out the two colors 
of the LED (b). 



Fig. 24. By adding the components shown in the dotted 
lines, a flasher LED can be tested with the power supply. 


lead for minus. When you 
short the test probes togeth¬ 
er, both of the tester LEDs 
will light as current is able 
to blow through the circuit 
in both directions because 
of the ac voltage. When 
you place an LED across 
the test probes, one or the 
other tester LEDs will light 
as well as the LED being 
tested. If the P LED is lit, the 
red probe is connected to 
the anode under test (and 
the black probe to the cath¬ 
ode of the LED under test). 
However, if the M LED is lit, 
the Plus probe is connected 
to the cathode of the LED 
being tested (and the Mi¬ 
nus probe to the anode). 

An IR LED can be tested 
in the following manner, 
which is the same test for 
any LED or diode. Let's use 
the diode for reference and 
look at the 3 conditions of 
that device. When a diode 


is good it will conduct in 
one direction and not the 
other. So on our LED power 
supply and tester, one LED 
will be on and one LED will 
be off. With a diode across 
the probes, either LED can 
be lit as it doesn't make any 
difference as long as only 
one is lit. The condition for 
a shorted diode is that it 
will conduct in both direc¬ 
tions, so both LEDs would 
be on, just the same as 
when the test probes are 
shorted together. The re¬ 
maining test, or circuit con¬ 
dition, for a diode is that it 
is open. On the LED tester, 
with the probes connected 
across an open diode, nei¬ 
ther of the LEDs would be 
lit as there is no current 
flow through the LEDs due 
to the open circuit. 

So now when we place an 
IR LED across the tester, we 
can tell whether it is operat¬ 


ing properly, is shorted or 
open, even though we can't 
observe its radiation. There 
is no way it can be operat¬ 
ing properly and not pro¬ 
vide the correct symptoms 
of operation. And remem¬ 
ber—you can test the LEDs 
in this tester without having 
to use a current-limiting 
resistor or concerning 
yourself about shorting the 
power supply leads as the 
supply is short-circuit-proof. 

A flasher LED can be test¬ 
ed using the LED power 
supply by using several 
other components connect¬ 
ed as shown in Fig. 24. The 
diode will provide a pulsat¬ 
ing dc voltage to the flasher 
LED while the resistor 
across the 1C chip will 
cause the flash rate to vary. 
The lower the resistance, 
the faster the LED will flash. 

Strobing the LED 

When we connect an 
LED to the power supply 
and move the LED back and 
forth in a short arc, the LED 
will be seen to strobe out a 
series of lines as shown in 
Fig. 25(a). This is due to the 
fact that the LED will be on 
only when the anode is pos¬ 
itive with respect to the 
cathode. However, when 
we place a tri-color LED 
(red and. green) across the 
probes and hold it station¬ 
ary, it will appear yellow or 
orange to the eye. The eye 
will sum the two colors and 
see a third color. If we now 
move the LED back and 
forth, we see that the fixed 
orange color changes to 
dashes of red and green, as 
shown in Fig. 25(b). The 
dashes are the on and off 
periods of each of the col¬ 
ors. Since we are using 
60-Hz power, each of the 


dashes lasts for 1/120 of a 
second, or 1/60 of a second 
for a complete red-green 
cycle. 

What the Future Holds 

In the game of electron¬ 
ics, it is sometimes difficult 
to project where a certain 
product or process will go 
or how far it will go. The 
pocket calculator would 
not have been possible 
without the LED display 
and the calculator itself 
wouldn't have worked with¬ 
out the invention of the 1C 
chip. The pocket radio 
would not have been possi¬ 
ble without the transistor, 
but without the develop¬ 
ment of the small ferrite 
loopstick antenna, the 
whole pocket radio would 
not have been possible. So 
one development depends 
on another, The Dick Tracy 
wrist TV transmitter will 
one day be here, but in the 
meantime, more realistic 
developments will arrive on 
the scene. Some items on 
the scene, or almost in 
sight, are discussed below. 

Barlights and Odd Shapes 

In Fig. 26, we see a 
barlight available from 
Hewlett-Packard in colors 
of red, yellow, and green 
These barlights are about 
'A inch wide and 1 inch 
long and the whole surface 
is made to glow evenly. 
They can be placed end-to- 
end to form a long column 
or used in any arrangement 
that a designer might want 
in order to display num¬ 
erals, play light music of 
different colors when op¬ 
erated off a stereo music 
amplifier, or make a large, 
cool-light mosaic display. In 
Fig. 27, we see a number of 



Fig. 26. A new Flewlett-Packard family of light-emitting 
diode light-bar modules is designed for use as back-lighting 
sources for display panels. (Photo courtesy of Flewlett- 
Packard) 
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Fig. 27. Unusual LED shapes 
available from AEG-Tele- 
funken. 


LEDs available from AEG- 
Telefunken shaped as cir¬ 
cles, squares, and triangles 
which can be arranged to 
form other figures such as 
arrows, rectangles, dots, 
dashes, and colons. 

Flat-Screen Color TV. A 
dream of the TV industry is 
to make a flat-screen TV 
set. The CRT is also the 
most expensive component 
in the TV set and its lifetime 
is limited due to filament 
aging. So if the CRT would 
be replaced with a solid- 
state video light source 
such as the LED, the TV set 
could indeed be all solid 
state and would actually 
last a lifetime. Such a devel¬ 
opment that could lead to a 
flat-screen TV is an an¬ 
nouncement by Sanyo that 


it has developed a multi¬ 
colored LED which emits 
colors from red through 
green, including the in-be¬ 
tween hues. This LED is 
made from phosphorized 
gallium and will have a long 
lifetime. Sanyo's goal is to 
develop an LED that is ca¬ 
pable of emitting the three 
primary colors necessary in 
a TV receiver—red, green, 
and blue. 

Three-color LED. Before 
we get to the three magic 
colors of the TV set—red, 
green, and blue—we must 
be willing to take what 
technology has to offer us 
at the time. It was an¬ 
nounced recently that Roza 
Luksemburg Electric Lamps 
Manufacturing Works of 
Warsaw, Poland, has devel¬ 
oped and produced a three- 
color LED. Each LED has 
three structures, two GaAsP 
semiconductors which emit 
red and yellow light and a 
third structure of GaP 
which emits green light. 
These structures are all con¬ 
tained in a single plastic 
housing and are connected 
by a common cathode. Sep¬ 
arate anode terminals exist 
for each of the 3 colors so 
that it is a 4-terminal LED. It 
is the common cathode 
which acts as the light color 


radiator. By means of sym¬ 
metric spacing of the struc¬ 
tures in a common deep 
reflector, uniform illumina¬ 
tion of the light-emitting 
surface occurs. This type of 
LED can be used in a radio 
tuner where the 3 colors 
could indicate high tuning, 
low tuning, and on frequen¬ 
cy. They could also be used 
as gauges to indicate above 
value, below value, and set 
on desired value. 

Remote Reading of Utili¬ 
ty Meters. For the past 100 
years or so, electrical, nat¬ 
ural gas, and water utility 
meters were read up close 
visually or, where possible, 
from a distance by means 
of a telescope. Various utili¬ 
ty companies have been in¬ 
vestigating means of doing 
the reading of the utility 
meter by some rapid and 
accurate method. Energy 
Optics, Inc., of Las Cruces, 
New Mexico, has installed a 
remote infrared meter ac¬ 
cess system to allow elec¬ 
tric utility personnel to read 
meters from a moving vehi¬ 
cle using light-beam com- 

Radio Shack 

H-P 


Litronix 


Type LED 

Single color 
Red, Yellow, Green 


Single color with 
resistor 

Single color with 
resistor and diode 
Trl-color LED 

Dual-color LED 


Flasher LED 

Voltage-sensing 
LED 
IR LED 

Rectangular LED 


Source 

Hewlett-Packard, Dialight, Xciton, 
AEG-Telefunken, Industrial Devices, 
Inc., Radio Shack, Litronix, Texas 
Instruments, others 
H-P 5082-4860 (red) 

H-P HLMP-3105 (red), HLMP-3680 
(green) 

Radio Shack RS-276-035 (red-green- 
yellow), IDI 4301 HI/5 (red-green) 
AEG-Telefunken CQ X95 (orange 
red-green), Opcoa LST-710 (red- 
green) 

Radio Shack 276-036 (red) 

Litronix FRL-4403 (red) 

H-P 5082-4732 (red) 

Radio Shack 276-141 (IR) 

Tl TIL32 

General Instruments CM4-65 
H-P HLMP-2300 (red) 


Xciton 


IDI 

Dialight 

AEG 


Gl 

Tl 


Table 2. LED so 


munications. The present 
installations can be read at 
ranges of up to 200 feet 
with a vehicle speed of 
about 15 mph. Infrared 
light pulses are generated 
by an LED or low-power 
laser diode. Later installa¬ 
tions will be installed which 
will allow reading ranges of 
up to 1000 feet using a fast- 
moving van or low-flying 
aircraft. The diode laser 
power is extremely low but 
transmits the meter ac¬ 
count number, an eight¬ 
digit meter reading, and 
other test data. 

LED Types and Sources 

Various types of LEDs 
have been described in this 
article. Most of them are 
readily available in small 
quantities of interest to an 
electronics experimenter or 
innovator. Some of the 
sources for some of the 
types of LEDs are shown in 
Tables 1 and 2. Consult the 
advertisements in this mag¬ 
azine for additional sources 
of supply and pricing infor¬ 
mation.■ 


Neighborhood stores 
Hewlett-Packard 
1501 Page Mill Road 
Palo Alto CA 94304 
Litronix, Inc. 

19000 Homestead Road 
Cupertino CA 
Xciton Corp. 

Shaker Park 
5 Hemlock Street 
Latham NY 12110 
Industrial Devices, Inc. 
Edgewater NJ 07020 
Dialight Corp. 

203 Harrison Place 
Brooklyn NY 11237 
AEG-Telefunken 
B. H. Frank Co. 

3733 W. 139 St. 

Hawthorne CA 90250 
Opcoa 

330 Talmadge Road 
Edison NJ 08817 
General Instruments Corp. 
4430 N. Ravenswood Ave. 
Chicago IL 60640 
Texas Instruments, Inc. 

PO Box 5012 
Dallas TX 75222 

urce addresses. 
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Table 1. LED types and sources. 
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Take the Two-Tone Challenge 

Does your transmitter put out a clean signal? 

Build this two-tone audio generator and find out. 


A "Two-Tone Test" is gen¬ 
erally acknowledged to 
be the most convenient and 
accurate method of check¬ 
ing the adjustment and op¬ 
eration of an amateur SSB 
transmitter. Improper bias, 
nonlinearity, overload, and 
spurious oscillations are all 
revealed by this method. 
Two-tone testing also has 
the advantage of testing the 


whole system from micro¬ 
phone to antenna. If there is 
no frequency instability, a 
transmitter showing a good 
two-tone test is almost cer¬ 
tain to radiate a high-quality 
signal. 

A two-tone test signal can 
be produced with a single 
audio tone by inserting the 
proper amount of carrier to 
provide the beating frequen¬ 


cy. This arrangement is 
somewhat awkward at best, 
and many transmitters have 
no convenient provision for 
inserting specific amounts 
of carrier in the SSB mode 
An audio generator that will 
produce two audio tones 
and can be plugged into the 
microphone jack is an excel¬ 
lent method of setting up for 
this test. Such a generator is 



Fig. 1. A versatile two-tone generator. 
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not complicated or expen¬ 
sive; it can be constructed in 
an evening or two, and every 
part and piece is available at 
your local Radio Shack 
store. 

Circuit Details 

The only active circuit 
element in the generator is 
IC1, an LM324 quad op amp. 
One section of the chip 
(IC1A) is connected as a 
twin-tee audio oscillator 
This is a very simple circuit, 
the basic oscillator consist¬ 
ing of the op-amp section, 
three capacitors, and three 
resistors. The 50k potenti¬ 
ometer, R2, is used to vary 
the frequency of this oscil¬ 
lator over the range of 
440-1750 Hz. The Ik resistor, 
R3, places a lower limit on 
the effective resistance of 
R2. This ensures that the os¬ 
cillator will run at all set¬ 
tings of R2 

This rudimentary method 
of changing the frequency 
of the oscillator by varying 
only one resistor results in 
the oscillator output in¬ 
creasing in amplitude as the 
frequency is increased. Ad- 





vantage is taken of this char¬ 
acteristic in the double-sec¬ 
tion RC filter following the 
oscillator. The filter cleans 
up what distortion is present 
at the oscillator output, and 
the increasing attenuation 
of the filter at the higher fre¬ 
quencies compensates for 
differences in oscillator 
level. The result is a nice 
sine wave of nearly constant 
level at the output of the 
filter. 

The second section of the 
chip (IC1B) repeats the cir¬ 
cuit of the oscillator just de¬ 
scribed but without the vari¬ 
able frequency feature and 
with circuit values selected 
to give a fixed frequency of 
1775 Hz. A single-section RC 
filter is used for this oscil¬ 
lator. This results in less at¬ 
tenuation, ensuring that the 
signal level on the balance 
potentiometer, R12, is al¬ 
ways greater than that of the 
first oscillator. R12 is used to 
set the amplitude of the sec¬ 
ond oscillator to equal ex¬ 
actly that of the first 
oscillator. 

The signal from both os¬ 
cillators is now applied to 
the noninverting input of op- 
amp section IC1D. This sec¬ 
tion is connected as a volt¬ 
age follower, It provides no 
gain but has a very high-in¬ 
put impedance. The voltage 
follower is followed by an 
amplifier stage (IC1C) to 
raise the level to the output 
connector. 

The second oscillator has 
a switch, SW1, ganged to the 
balance control. When the 
balance control is turned 
fully to the off position, 
opening SW1, the second os¬ 
cillator is disabled while the 
first oscillator output is still 
available at the output con¬ 
nector. It now functions as a 
normal audio generator 
over its frequency range. 
This additional feature is 
quite useful as the wave¬ 
form is good, with a maxi¬ 
mum output level of 400 
mV peak-to-peak. 

Construction 

The generator was con¬ 
structed on a printed circuit 



Component side of board, ready for assembly. 


board available at Radio 
Shack stores. (They list it as 
a "Dual 1C board"; see Parts 
List.) Since this board is very 
slightly too long to fit prop¬ 
erly in the housing specified, 
it is suggested that about 
1/32" or so be filed from 
each end of the board be¬ 
fore construction is begun 
and the board fitted to the 
housing. 

At these frequencies, lay¬ 
out is not critical. The board 
has provision for two 20-pin 
integrated circuits. As we 
are using only one 14-pin 
chip, there are plenty of tie 
points to which to run com¬ 
ponent leads. I found it con¬ 
venient to mount the socket 
and position the chip so that 
pins 1 through 7 were to¬ 
ward the center of the 
board. As the two oscillator 
sections have the greatest 
component density, this po¬ 
sitioning allowed the oscil¬ 
lator components to spill 
over to the otherwise-un¬ 
used section of the board. 
There are enough pads and 
holes to give each .compo¬ 
nent lead a home, and with a 
little planning ahead, a neat 
layout can be achieved. 

A few words for the inex¬ 
perienced; In planning the 
layout, make an effort to 
have the physical compo¬ 
nents follow the layout of 
the schematic as well as you 
can. This makes trouble¬ 
shooting less confusing. Al¬ 
though it is nice to see all re¬ 
sistors lying flat on the 
board, do not be afraid to 
mount them vertically if it is 
convenient or will improve 
the layout. With discretion, 
bare-wire jumpers may be 
used on the solder side of 
the board. For example, a 
wire jumper from pin 5 to 
pin 10 on the solder side of 
the board saves going all 
around the chip. I dedicated 
one of the center traces as a 
ground bus. Stranded wire is 
needed for the runs to the 
controls. The holes around 
the edge of the board are 
larger than the holes for 
components. Try to arrange 
to have the stranded wire to 


the controls go to these 
larger holes. Don't be 
ashamed of a few jumpers 
to get from here to there. 
When using an all-purpose 
board like this, a few 
jumpers are hard to avoid. 

After all the soldering is 
done, there will be a con¬ 
siderable accumulation of 
rosin on the board. I scrape 
the heavier portions away 
with a small screwdriver and 
then spray the board with 
Rosin Flux Remover from 
Radio Shack (RS 64-2324). I 
use an old toothbrush to 
scrub away the remaining 
rosin and wipe the board dry 
with a cloth. You will be sur¬ 
prised at how much better 
the board looks. It is also 
much easier to spot solder 
bridges and poorly soldered 
connections when you have 
a nice clean board. 

The physical construction 
requires little explanation. I 
used only two of the mount¬ 
ing holes on opposite cor¬ 
ners of the board to mount 
it. I tapped the holes in the 
bottom of the housing and 
mounted the board on 
spacers, cutting the 6-32 
screws to length so that they 
would not protrude more 
than a couple of threads 
through the bottom. If you 
use the potentiometers 
specified from Radio Shack, 
note that the mounting 


bushing is only 5/16" instead 
of our standard 3/8". 

With the connector I 
used, there is no automatic 
grounding of the chassis. 
This allowed hum pickup, 
particularly while testing, 
when the chassis was sepa¬ 
rated. To alleviate this, I ran 
a wire ground to a lug on the 
screw holding the battery- 
clamp to ground the bottom 
section, and a short bare 
wire from the ground lug on 
a potentiometer, soldered to 
the shell of the potentiom¬ 
eter, to ground the top, or 
panel, portion. 

The board specified is a 
very nice board. It solders 
well and seems quite rug¬ 
ged. With reasonable care, it 
is possible to remove and re¬ 
position components sever¬ 
al times without any ten¬ 
dency for the copper to sep¬ 
arate from the board. 

Checkout 

After the soldering has 
been completed and the 
board has been cleaned, the 
usual physical inspection 
for solder bridges and poor 
connections can be made. 
Before installing the battery, 
an ohmmeter check for a 
short on the supply rail is a 
wise precaution. With the 
battery installed, a voltage 
check on the 1C socket will 
confirm proper supply po¬ 
larity. Note that as the cir- 
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cuit; it will work if there are 
no wiring errors or defective 
components. 

Using It 

A two-tone test is quite 
simple to set up. Use the 
monitor scope or service 
scope coupled to the output 
of the transmitter. Adjust 
the scope pattern for a con¬ 
venient height while trans¬ 
mitting full-carrier. Now 
plug the generator into the 
microphone jack and key up 
the transmitter in the SSB 
mode. With the microphone 
gain at its usual setting, ad¬ 
vance the level control on 


cuit is drawn, no power will 
be supplied to the board un¬ 
less PI is in place. 

The 1C can now be in¬ 
stalled. With the level con¬ 
trol full on and the balance 
control fully counterclock¬ 
wise, a sine wave should ap¬ 
pear on the output connec¬ 
tor If no scope is available, 
a pair of headphones may 
be used to confirm output 
The tone should sound 
' smooth" and relatively 
low-pitched at one extreme 
of the frequency control, ris¬ 
ing to a much higher pitch 
with the frequency control 
at the other extreme. 

Advancing the balance 
control will cause the signal 
to become louder and 


leads makes a fine poor- 
man's signal tracer. There is 
nothing fussy about the cir- 


the generator to produce a 
scope display somewhat 
less than that obtained with 
the full carrier. With the bal¬ 
ance control about mid¬ 
position, adjust the scope 


.05 mF, 50 V 
.01 m F, 50 V 
.01 (iF, 50 V 

.02 jjF, 50 V (two ,01s in p 

.01 pF, 50 V 

.01 m F, 50 V 

.05 pF, 50 V 

.05 m F, 50 V 

.05 gF, 50 V 

.1 |iF, 50 V 

.01 m F. 50 V 

10 pF, 35 V 

33 m F, 16 V 

LM324 quad op amp 

4-pin connector 

22k, V* Watt 

50k linear taper potentioi 
Ik, >4 Watt 
Ik. V. Watt 


change in character. If a 
scope is being used, the 
presence of both tones will 
be noted. Advancing the 
balance control to maxi¬ 
mum should cause the 
scope pattern to more than 
double in height 

Should the generator fail 
to work, some trouble¬ 
shooting is in order. The 
LM324 is a nice chip to trou¬ 
bleshoot since the output of 
each section is on the comer 
of the chip. A dc-voltage 
measurement should show 
the active pins of each am¬ 
plifier section near half the 
supply voltage A pair of 
high-impedance headphones 
with a capacitor of .1 pF or 
so in series with one of the 


R5 10k, V* Watt 

R6 10k, V« Watt 

R7 Ik, y« Watt 

R8 33k, V. Watt 

R9 33k, '/* Watt 

R10 15k, V« Watt 

R11 15k, V. Watt 

R12 50k linear taper potentiometer 

R13 1 meg, V« Watt 

R14 47k, V« Watt 

R15 220k, V. Watt 

R16 5k linear taper potentiometer 

R17 100k, V* Watt 

R18 100k, '/< Watt 

SOI 4-pin chassis socket 

SW1 Potentiometer switch 

SW2 Potentiometer switch 

B1 9-volt battery 

1 14-pin DIP socket 

1 Battery connector 

1 Dual 1C board 

1 Utility cabinet 

3 Knobs 


RS 271-1335 
RS 272-1335 
RS 272-1321 
RS 271-1341 
RS 271-1341 
RS 271-1337 
RS 271-1337 
RS 271-1716 
RS 271-1356 
RS 271-1342 
RS 271-1350 
RS 271-1714 
RS 721-1347 
RS 271-1347 
RS 274-2 
RS 271-1740 
RS 271-1740 
RS 23-583 
RS 276-1999 
RS 270-325 
RS 276-159 
RS 270-251 
RS 274-415 
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sweep or the generator- 
frequency control for a 
steady display. Adjust the 
balance control to achieve a 
sharp crossover between the 
individual cycles of the 
wave. Advancing the gener¬ 
ator-level control will in¬ 
crease the height of the pat¬ 
tern until the tips of the 
waves just reach the height 
obtained when the carrier 
had been sent Further in¬ 
creasing the level control 
should show flat-topping of 
the tips of the waves. 

A scope will not syn¬ 
chronize as solidly on a two- 
tone test as it will on less 
complex waveforms. A 
change in level often will re¬ 
sult in the pattern "running." 
As the audio generator is 
usually close at hand while 
the scope may be several 


249c .25 

239c .20 

239c .20 

239c .39 

239c .20 

239c .20 

249c .25 

249c .25 

249c .25 

249c .25 

239c .20 

.59 
.69 
1.49 
1.59 

5/39C .08 

1,09 

5?39c ,08 

5/39e .08 

5/39C .08 

5/39C .08 

5/39C .08 

5/39C .08 

5/39C .08 

5/39C .08 

5/39C .08 

1.09 

51399 .08 

5/39C .08 

5/39C .08 

1.09 

5/39C .08 

5/39C .08 

.99 
.69 
.69 
1.19 

289c .45 

5/99c .20 

1.49 
2.99 

4/1.59 1.20 

$21.36 




feet away, it is convenient to 
adjust the frequency control 
on the generator to stabilize 
the pattern. Running the fre¬ 
quency control over its 
range will result in a number 
of patterns on the scope. 
They are all equally useful 
except when the two tones 
are harmonically related. 

There is sufficient output 
from the generator to se¬ 
verely overload most micro¬ 
phone amplifiers. It is good 
practice to leave the micro¬ 
phone gain control set where 
it is normally used and to 
use the level control on the 
generator to set the level 

For those not familiar 
with two-tone test patterns 
and their interpretation, a 
page of pictures and a de¬ 
scription of the test proce¬ 
dure is given in The Radio 
Amateur's Handbook . You 
should obtain a textbook 
pattern. Any departure from 
the proper display should be 
investigated. 

As mentioned earlier, the 
generator can be used as a 


sine-wave audio source by 
turning the balance control 
fully counterclockwise. This 
feature can be quite useful 
to the ham who cannot justi¬ 
fy the cost of an audio gen¬ 
erator but who finds occa¬ 
sional need for an audio 
source. The frequency range, 
though restricted, does cover 
the range of frequencies 
most commonly used- 

in Conclusion 

I am quite pleased with 
the operation of this gener¬ 
ator. I had gotten tired of 
rigging two audio oscillators 
to make checks on my home¬ 
brew SSB rig Setting up for 
a test is now a snap! I also 
find that the ability to 
steady the scope pattern 
with the frequency control 
is very handy since my moni¬ 
tor scope is several feet 
from the rig. Add to this the 
economy of only 1-mA cur¬ 
rent drain and a total parts 
cost of under $25.00, and 
you have a useful gadget at 
a very attractive price. ■ 


ALL NEW H.F. 10/160 METER 
SOLID STATE P.L.L. TRANSCEIVER 



Model 10/160 M 


USB-LSB 

4 Memories 
3 Way Auto-Scan 
Includes New Bands 
3-Step Tuning Speed 
IF Tune s. 1 KHZ 
Built-in Dual VFO 
Narrow CW filter optional 


CW-W CW-N 

200 W. PEP(160M-12M) 
100 W. REP(IOM) 
Built-in Power Supply 
AC-120 VAC 
DC-13.8 V -Ground 
External ALC & Relay 
RTTY, FAX, ASCII 



JUST SLIGHTLY AHEAD 


1275 N. GROVE ST. 
ANAHEIM, CA 92806 
Cable: NATCOLGLZ 


TO ORDER OR 
DLR INFO. CALL 

(714) 630-4541 


















Build the NASA Beeper 

Space-wise communicators use this device 
for one good reason: clarity. 


Nicholas Van de Sande KQ4C 
18 Spring Valley Drive 
Arden NC 28704 



Fig. 1. Beeper schematic. 


A bout three years ago, a 
friend sent me a circuit 
for a beeper that was being 
used in the Netherlands and 
by some of the ex-PA hams 
in the western hemisphere. 
It is used to insert a short 
tone at the end of a phone 
transmission, much as that 
used in communications 
with the astronauts. It was 
called the "Apollo Beep." 

With the QRM we have 
on our crowded bands to¬ 
day, it is sometimes difficult 
to know when the other op 
has turned it over to you, and 
a beep can help. This beeper 
modulates fully, to the same 
level as a CW dash, and it 



Fig. 2. Circuit board Fig. 3. Parts placement. 
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stands out like the well- 
known sore thumb. 

After constructing the 
beeper, I found that it 
worked quite well and ac¬ 
complished its design pur¬ 
pose. I found this version 
rather cumbersome, how¬ 
ever. It used six transistors, 
quite a few resistors and ca¬ 
pacitors, plus a large capac¬ 
itor across the transceiver- 
transfer relay to hold the 
carrier on until the tone had 
been transmitted. In- some 
cases, a separate relay on 
the beeper board was used 
for this purpose, but the 
same objections still ap¬ 
plied. 

In the October, 1979, 
issue of Ham Radio, there 
appeared a circuit for a "K 
generator," designed by 
G8KGV It inserted the letter 
K at the end of transmission. 
Shortly thereafter I built and 
installed that circuit, and it 
worked very well 

After some use, however, 
it seemed to me that this was 
gilding the lily It seemed 
overdone. Also, several times 
the other op said to me, "I 
think there is a CW breaker in 
there!" Then it dawned on 
me that he thought my K was 
coming from elsewhere! 

Back to the drawing 
board! After some head 
scratching and circuit-book 
consultation, the circuit 
shown here evolved. It re¬ 
quires only one 1C (7404), 
one transistor, 4 diodes, five 
resistors, and five capacitors. 

Let's see how the circuit 





works. When the switch is 
closed, positive voltage im¬ 
mediately is applied through 
diode D1 to U6, pin 13, and 
C3 U6 output goes low, U4 
output high, and Q1 con¬ 
ducts, turning on the trans¬ 
mitter via the PTT line. At 
the same time U1 output 
goes low, U2 output goes 
high. U3, a relaxation oscil¬ 
lator, will not operate unless 
both D2 and D3 inputs are 
low. Therefore, at turn-on no 
tone will be generated 

When the switch is 
opened C3 discharges slow¬ 
ly through the 3.3-megohm 
resistor, R2, thus holding U6 
and D3 low for a short time. 
Simultaneously, U2 output 
goes low and U3 oscillates 
for approximately one-half 
second, at which time C3 
has discharged sufficiently 
to allow U6 output to go 
high and U4 output low, and 
Q1 shuts down and we are 
back in receive mode. 

The use of the 74C14, a 
CMOS hex-inverting Schmitt 
trigger 1C, allows the use of 


almost any supply voltage 
between 5 and 15 volts. 
Mine operates from a sepa¬ 
rate 10-volt supply that 
feeds several other auxiliary 
units such as an audio filter, 
electronic keyer, preamp, 
etc. The voltage can prob¬ 
ably be taken from the 
transceiver. R5 may need to 
be changed to meet your au¬ 
dio-input level. 

I feed the tone into the 
"phone patch in" on my 
TS-820. It can be fed into 
the normal mike input in 
parallel with your mike. 

The circuit board is small 
and can probably be mount¬ 
ed in the transceiver. Bypass 
the switch leads with .01 
capacitors to prevent rf 
causing erratic operation — 
although I have had no such 
problem. 

This unit has worked with¬ 
out fail since installation 
and has been a pleasure to 
use. Questions will be an¬ 
swered if accompanied by 
an SASE. I'll be beeping 
youlB 


WORK THE U.H.F. BANDS 


Choo 








ir DX. OSCAR. 


M.MT 50-144 SI89.95 
MMT 144-28 Si79.95 
MMT 432-28 (S) S269.95 
MMT 439-ATV S349.95 
MMT 1296-144 $339.95 
OTHER MODELS AVAILABLE 
write for details 

POWER AMPLIFIERS 

all models include RF VOX & Low Noise RX Pre-Ampl. 

(no pre-amp in MML432-100) 
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Low-pass filters Transverters Crystal Filters 
Varactor triplcrs Converters 
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^ 

make money for 

[ you. Consider the 

Fact 1: Selling 73 Increases 
^ store traffic—our dealers tell 
T us ,hat 73 is one of hottest- 

selling amateur radio magazines on the 
newsstands. 

Fact 2: There is a direct correlation between 
store traffic and sales—increase the number of 
people coming through your door and you’ll increase 
sales. 

Fact 3: Fact 1 + Fact 2 = INCREASED SALES, which 
means more money for you. And that’s a fact. 

For information on selling 73, call 800-343-0728 (in New 
Hampshire call 1-924-9471) and speak with Ginnie 
Boudrieau, our bulk sales manager. Or write to her at 
73, 80 Pine St., Peterborough, NH 03458. 
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George Brown WB4CHZ 
186 £ Brooks 
Memphis TN 38109 


Sky Power 

If you're a meteor-shower expertdon't read this. 
Otherwise , learn. 


I t's mid-August and two in 
the morning. With work 
only six hours away, the am¬ 
ateur radio operator creeps 
into the radio shack and 
begins flipping the switches 
that turn night into day in¬ 
side the tiny room. Slowly 
the receiver is tuned to the 
agreed-upon frequency, the 
transmitter is adjusted, and 
the time is checked with 
WWV. Then the ham listens. 

Nothing is heard, so he 
transmits during the allotted 
time; then he listens. Again 
nothing heard—but wait. , 
out of the receiver comes a 
quick burst of CW: de N4 
The amateur carefully 


tunes the signal and again he 
hears CW: de N4ABY/7.. 
With this rapid burst of 
radio energy, the receiving 
amateur springs to life; all 
thoughts of the time and the 
coming workday dissolve as 
he embarks on a meteor- 
scatter contact on two 
meters. 

This is a typical scene at 
the homes of many VHF 
operators throughout the 
world during the annual Per- 
seid meteor shower. I be¬ 
lieve, however, that this 
scene should take place 
many more times during the 
year. As many of you may 


eral other opportunities 
each year to bounce your 50- 
MHz, 144-MHz, 220-MHz, 
and even 430-MHz signals 
off the trails left by meteors 

As a matter of fact, it was 
not even the Perseid shower 
that produced the very first 
144-MHz meteor-scatter con¬ 
tact Paul Wilson W4HHK 
reports that he made that 
very first two-way with 
W2UK 30 years ago. Wilson 
said, “In August we had a so- 
so contact but it was not 
counted. Then in October, 
on one of the lesser showers, 
we did make a satisfactory 
two-way contact." 

In all probability, this 
lesser shower that Wilson 
speaks of was the Orion id 
meteor stream. 

Since meteor scatter can 
be a very productive form of 
long-distance VHF commun¬ 
ication, you may wonder 
why it rarely takes place ex¬ 
cept during the Perseids. 
The answer to this question 
is quite simple: This shower 
is considered the best of the 
year in terms of the number 
of meteors occurring each 
hour and it provides the 
highest chance of a suc¬ 


cessful contact. However, 
there are a number of other 
showers almost up to the 
standards of the Perseids. 

Meteor showers occur at 
a variety of times through¬ 
out the year. In fact, there 
are some 600 showers or 
streams known to exist. 
However, not all of the 
events are of use to radio 
amateurs. To be useful, the 
date of the shower peak 
should be known and the 
number of meteors occur¬ 
ring each hour should be 
rather high. After all, there is 
no point in trying to work 
meteor scatter when there 
are no meteors. 

So we find that the Per¬ 
seids are just one of many 
showers taking place each 
year. These showers occur 
when the Earth encounters 
chunks of nickel-iron and 
rock that are orbiting the 
sun. When one of these 
pieces of material (called a 
meteoroid while still in 
space) strikes the atmo¬ 
sphere of the Earth, friction 
between the meteoroid and 
the air causes the material 
to heat up and bum 


not be aware, there are sev¬ 



Fig. 1. Meteor-scatter diagram: As a meteoroid burns in the at¬ 
mosphere of Earth, it leaves an ionized patch in its wake. If 
the ionization is intense enough , ft may be capable of re¬ 
flecting VHF signals, as shown here. 
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For the skywatcher, it is 
the tiny pieces of glowing 
material that are of interest 
since they are what produce 
the "falling stars" seen at 
night. But to the ham, it is 
the aftereffect of the meteor 
that causes the excitement 

As the meteoroid pene¬ 
trates the Earth's atmo¬ 
sphere, it leaves behind an 
ionized trail that is some¬ 
times capable of reflecting 
VHF radio signals. By bounc¬ 
ing signals off these trails, 
amateurs succeed in mak¬ 
ing meteor-scatter contacts. 
When attempting these con¬ 
tacts, hams should remem¬ 
ber an important point The 
frequency of the signal a trail 
is capable of reflecting is di¬ 
rectly related to the density 
of the ionization. 

Unfortunately for VHF- 
ers, it takes quite a meteor 
to produce enough ioniza¬ 
tion to reflect signals on 144 
MHz and above. This is why 
attempts at meteor contacts 
occur during times when 
large numbers of meteor¬ 
oids are entering the Earth's 
atmosphere—in other words, 
during a meteor shower For¬ 
tunately, though, there are 
several chances each year 
to try to make these exotic 
contacts. 

Of the 600 or so meteor 
showers that take place 
?ach year, there are seven 
ivents which may be of 
/alue to the VHF operator. 
While some of these show- 
?rs are marginal, all should 
>e capable of producing at 
east some contacts, and if 
'ou only need that "one 
nore state," it may be worth 
-our time to make a sched- 
ile on one of the dates men- 
ioned. 

During January of each 
ear, the Quadrantid shower 
leaks on the 4th day of the 
nonth. This is a very short- 
ved shower, with the rise, 
■eak, and drop-off taking 
*ss than one day. This very 
uick peak means you will 
ave to be at the right place 
t the right time to take ad- 
antage of these meteors; 
owever, of a more positive 


nature is the fact that this 
event produces about 40 
meteor trails each hour. 

The months of February, 
March, and April are rela¬ 
tively dull so far as meteor 
showers are concerned, but 
May takes a turn for the bet¬ 
ter. On the 4th of this 
month, the Eta Aquarid 
shower reaches its peak. 
Considered the best shower 
of spring, the peak varies 
slightly in time and the wise 
operator will schedule con¬ 
tacts for the 3rd and 4th. The 
point of origin of these me¬ 
teors will be on the horizon 
at about 2:30 am, and there 
should be about 20 shower 
trails appearing each hour. 

In June, there is a meteor 
shower that is not of much 
interest to astronomers but 
is potentially of great in¬ 
terest to amateur radio op¬ 
erators. The Beta Taurids, 
which peak on June 29th, 
produce a daytime meteor 
shower. This means that it is 
impossible to see the peak 
of the shower, but it is possi¬ 
ble to utilize the peak for 
VHF communications. The 
best chance for catching 
these objects will be be¬ 
tween 7:00 am and 12.00 pm 
local time. During these 
hours, the radiant of the 
shower will be rising in the 
east and moving to a point 
high in the southern sky. 

After the Beta Taurids, it 
is almost exactly one month 
before the next good oppor¬ 
tunity for meteor-scatter 
contacts comes along. This 
next chance is with the 
Delta Aquarid shower which 
peaks on July 28th. This 
shower should be consid¬ 
ered seriously for meteor 
schedules since normally 
about 25 meteors occur 
each hour during the height 
of the event In addition, 
contacts may be made one 
day before or after this 
shower's maximum since it 
is not sharply peaked. 

The granddaddy of all 
meteor showers, the Per- 
seids, takes place during 
August, and all meteor-scat¬ 
ter enthusiasts should be 
poised at their rigs ready to 


Shower Date 


make contacts. The Perseids 
peak on the 11th, and be¬ 
tween 50 and 60 meteors fall 
each hour. Like the Delta 
Aquarid shower but on a 
much grander scale, this is a 
rather long-lived event, and 
contacts should be possible 
one or two days before and 
after, maximum. 

After the Perseids, nature 
takes a short break before 
it provides another really 
good shower. This comes in 
October, which offers a me¬ 
teor stream that is notable 
for at least two reasons. 
First, this is the shower used 
initially for a two-meter me¬ 
teor-scatter contact, and 
second, the meteors seen 
during this shower originate 
in the famous Halley's Com¬ 
et. On October 20th, the 
night the Orionid shower 
peaks, VHFers can expect 
about 30 meteors each hour 
as the radiant rises in the 
southeastern sky. 

Finally, December will pro¬ 
vide the last big meteor 
shower of the year, but for¬ 
tunately the year does go 
out with a flash. The Gemi- 
nid meteor stream reaches 
maximum on December 
14th, and it is always quite a 
spectacle for interested sky- 
watchers. Since the shower 
produces almost 60 meteors 
each hour, it should also 
prove quite spectacular 
from a communications 
viewpoint So, while the as¬ 
tronomers cool their heels 
watching for the meteors in 
the cold December weather, 
amateur radio operators 
should be able to make a 
few contacts in the warmth 
of their finals. 

It is apparent, then, that 
there are many opportuni- 


Remarks 


ties during the year to make 
a number of meteor-scatter 
contacts, and for the experi¬ 
enced operator, all that is 
necessary is to make sched¬ 
ules with other amateurs. 
But what if you have never 
made a meteor contact or 
don't even know what one 
sounds like? 

The best approach is to 
find some ham who is mak¬ 
ing schedules and see if you 
can be in on some of the 
contacts. However, if no one 
in your area is active on me¬ 
teor scatter, the next best 
bet is to find someone 
through one of the VHF- 
oriented publications or col¬ 
umns and make a schedule 
of your own. If the person 
you contact is an experi¬ 
enced operator, you should 
be able to get all the neces¬ 
sary information regarding 
proper procedures and tech¬ 
niques. 

It should be apparent by 
now that meteor scatter can 
and should be a year-round 
activity. Those who have 
tried this mode of long-dis¬ 
tance communication have 
found it to be quite exciting 
and very challenging, and 
for these amateurs, I hope 
the information provided 
will allow them more oper¬ 
ating opportunities during 
the year. 

For the beginner, I hope 
the knowledge that meteor 
scatter is not a one-time-a- 
year operation will provide 
the motivation to actually 
get on the air and make con¬ 
tacts. But remember, don't 
blame me for sleepless 
nights and rough days at 
work; blame Mother Nature 
for providing all the me¬ 
teors!! 
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Very short-lived shower 
20 meteors each hour 
Daytime shower 
Contacts possible ± 1 day 
Best shower of the year 
Originated in Halley’s Comet 
Nearly as good as Perseid 

Table 1. Shown here are the names of meteor showers of in¬ 
terest to amateur radio operators, the dates the showers peak, 
and comments concerning them. 


Quadrantid 
Eta Aquarid 
Beta Taurld 
Delta Aquarid 
Perseid 
Orionid 


January 4 
May 4 
June 29 
July 28 
August 11 
October 20 



H F. I Bert) Vine y VE3AZX 
20 Abingdon Drive 
Nepean, Ontario 
Canada K2H 7M6 


Wet Battery Quiz 

And you thought you knew it all. 


T here is not much to ordi¬ 
nary wet batteries, is 
there? I mean, doesn't every¬ 
one know that all you do is 
charge them and discharge 
them? So you won't find this 
quiz a challenge? Right, so 
let's see how you do. 

Here are ten statements. 
All refer to automotive-type 
storage batteries. Mostly 
they refer to batteries pow¬ 
ering light loads—such as 
electronic equipment. An¬ 
swer yes or no. 

1. The best way of es¬ 
tablishing state-of-charge of 
a battery is with a hydrome¬ 
ter. 

2. An inactive battery 
should be kept on trickle 
charge. 

3. A 100-Ampere-hour bat¬ 
tery can be discharged at 10 
Amperes for 10 hours. 


4. You cannot tell the 
state-of-charge of a battery 
by measuring its terminal 
voltage. 

5. Batteries stored on con¬ 
crete floors will be damaged. 

6. Initial voltage and 
open-circuit voltage are the 
same thing. 

7. If the specific gravity of 
an older battery is low, add 
battery acid to bring it up to 
1.300. 

8. Only "marine" batteries 
should be used on boats. 

9. Connecting two bat¬ 
teries in parallel will double 
the power available. 

10. Impregnated felt wash¬ 
ers on battery terminals will 
prevent battery corrosion. 

Nothing to it, right? Want 
to try your answers against 
mine? Read on 

Batteries are interesting. 



Fig. 1. Charge/discharge graph. 
92 73 Magazine • March, 1984 


even fascinating, perhaps 
because so little is known 
about them—or maybe be¬ 
cause so much is "known." 
Every writer has his own 
rules and opinions. In a 
situation like this, it is wise 
to balance theory against 
practical experience. So that 
is what these answers are 
based on—a synthesis of 
"book larnin" and practical 
experience. 

1. Hydrometers. Most books 
have this old chestnut—and 
it is true as long as you are 
talking about new batteries. 
However, as a battery ages, 
it loses its ability to raise its 
specific gravity, no matter 
how long it is charged. This 
does not mean that the bat¬ 
tery will no longer serve its 
purpose. In addition, the hy¬ 
drometer is a hazardous 
nuisance. 

Battery acid is highly cor¬ 
rosive and its corrosive 
power lasts a long time. The 
better way of identifying 
level-of-charge is by com¬ 
bining battery voltage and 
current readings. 

If either voltage or cur¬ 
rent can be regulated—that 
is, kept constant—then the 
second factor will indicate 
full charge when it reaches a 
constant value for one hour. 

As a practical example. 


an ordinary 6-Amp unregu¬ 
lated charger will have fully 
charged the battery when 
terminal voltage reaches 
about 14 ’/j volts. 

Another indication of full 
charge is the amount of bub¬ 
bling (gassing) you can hear 
from the battery. Stop the 
charge when bubbling be¬ 
comes obvious 
2. Inactive batteries. Be¬ 
fore the day of "dry- 
charged" batteries, ready- 
for-sale batteries in stores 
were kept under constant 
trickle charge Some author¬ 
ities today are against trickle 
charging on the grounds 
that it causes "sulphation." 
In other words, battery ca¬ 
pacity will decline due to 
formation of inactive mate¬ 
rial on the plates 

My own experience is that 
as little as Vi Ampere will 
cause the electrolyte to boil 
away in a couple of months. 
We have to qualify this 
theory with the experience 
of North American tele 
phone companies. The tele 
phone companies have 
more batteries in service 
than any other user. Most oi 
their batteries are on con 
stant-voltage trickle charge 
continuously. They use twc 
main types of batteries, low 
specific gravity and high: 






A marine battery encased in plastic. 


• Low SC type: floated at 
2/17 + or - .01 volts per 
cell, which would be 13.02 
volts for a 12-volt battery. 

• High SC type: floated at 
2.25 + or - .01 volts per 
cell, which would be 13.5 
volts for 12 volts. 

Batteries used in this way 
will last 10 to 20 years when 
properly maintained. Unfor¬ 
tunately, we cannot accept 
this experience as absolute 
because telephone batteries 
are commercial or industrial 
grade and use different al¬ 
loys than are used in car bat- 

3. Ampere-hour capacity. 
We can be specific on this 
one. A 100-Ampere-hour bat¬ 
tery will seldom, if ever, de¬ 
liver 10 Amperes for 10 
hours. First of all, battery 
output will depend on rate 
of discharge. 

A 100-Ampere-hour bat¬ 
tery might provide 1 Am¬ 
pere for 120 hours or 25 Am¬ 
peres for 2 hours. A further 
factor is battery age, and 
how it has been treated If a 
car battery is discharged 
below 11 volts even once, its 
capacity will be greatly 
reduced A loss of 10 to 25 
percent would not be sur¬ 
prising. 

A car battery is engi¬ 
neered for short, very heavy 
discharge followed by im¬ 
mediate heavy recharge. 
Used in this way, a good bat¬ 
tery will last 5 years or more. 
In light-drain, light-recharge 
conditions, the battery will 
show serious loss of capaci¬ 
ty in one year. 

Most batteries these days 
are not rated-^fn Ampere- 
hour capacity. Instead, they 
are rated in direct time and 
current. For example, one 
Gould battery was rated as 
: ollows: 

Amps Hours 
2.5 41 

50 19. 

10 8.5 

15 5.3 

20 3.8 

25 3.0 

4. Terminal Voltage Wheth- 
;r this statement is true or 
lot depends on the qualifi¬ 


cations. If you mean open- 
circuit voltage, then the 
value of the voltage reading 
is doubtful. We can tell 
quite a bit from battery ter¬ 
minal voltage if the battery 
is placed under either 
charge or discharge condi¬ 
tions during measurement. 
(See graph of charge/dis¬ 
charge; this is the action of a 
car battery at about its half- 
life point.) 

On discharge, voltage 
quickly drops to about 12 
volts, then remains fairly 
constant until it reaches 
about 11 volts Then it drops 
off quite rapidly. This is 
known as the "end point" 
Assuming that the equip¬ 
ment connected to the bat¬ 
tery will still function at 11 
volts, I would recommend 
11 volts as the end point. 
Some authorities recom¬ 
mend 10.8 volts. Get the bat¬ 
tery back on charge as soon 
as possible after reaching 
end-point voltage. An ac¬ 
curate voltmeter is essen¬ 
tial. 

Now look at the charge 
curve. Notice that terminal 
voltage rises quite rapidly at 
first, then levels off, and 
thereafter it rises quite lin¬ 
early. When it reaches the 
flat portion of the curve, the 
battery is charged. 

The shape of the charge 
curve will vary depending 
on the current and voltage 
outputs of the charger as the 
battery charge condition 
changes. Not all battery 
chargers are the same. 

For instance, a few years 
ago Heathkit put out two 
battery chargers. One was 
rated at 15 Amperes and had 
an automatic shutoff at 14.5 
volts. Its charge rate was 15 
Amperes tapering to 2 Am¬ 
peres. 

The second charger was 
rated at 10 Amperes and its 
charge rate decline to "the 
leakage rate of the battery" 
on output voltage of 13.2 to 
13.6 volts. Note that this pro¬ 
cedure is similar to tele¬ 
phone company practice. 
(See answer to question 2.) 

If you are using an or¬ 
dinary charger such as the 


15-Ampere model above, 
then we can assume that if 
charge current is around 2 
Amperes and voltage is 
about 14.5 and fairly con¬ 
stant, then the battery is 
charged. 

5. Concrete floors. This 
one is weird, and yet ap¬ 
pears in several books and 
magazine articles Ask the 
question: How could the 
concrete floor get through 
the acid-impervious case? 
My answer—it can't. Even if 
concrete were a conductor, 
there would have to be a 
leak from both terminals to 
the concrete to provide a 
path. And if there is battery 
leakage, why wouldn't it 
short directly across the top 
of the battery? 

My explanation for this 
one is to consider the occa¬ 
sion for which the battery is 
on the concrete floor. Most 
likely the battery is out of 
service. Therefore deteriora¬ 
tion is due to idleness, not 
the material it rests on. 

Before we leave this one, 
answer this for me. Battery 
acid is a conductor. An acid 
path across the top of the 
battery will cause current 
leakage. Agreed? Then how 
come the acid inside the 
case does not cause current 
leakage? 

6. Initial voltage is the 
voltage at the battery ter¬ 
minals immediately after 
the load is applied. Open- 
circuit voltage—see answer 


7. Adding battery acid. 
All sources agree that add¬ 
ing battery acid will not im¬ 
prove battery performance. 
Our experiments agree with 
this. However, if you are 
buying a new battery, it's a 
good idea to insist on similar 
specific gravity in each cell. 
Adding acid is sometimes 
done locally and is subject 
to error. The best advice re 
battery acid is: Leave it 
alone. 

8. Marine batteries. I have 
talked to two different com¬ 
panies about this. Here is 
the answer I was given: 

A marine battery has the 
same construction as a car 
battery with these excep¬ 
tions: 

• An automobile battery 
used in a boat is guaranteed 
for 6 months. In a car, it may 
be 42 months. A marine bat¬ 
tery is guaranteed for 12 
months. 

• A marine battery has a 
polypropylene handle to as¬ 
sist in lifting it out 

• A marine battery will 
have screw-type terminal 
lugs. 

• A marine battery will 
have a picture of a boat on 
it. 

More recently, a new type 
of battery has become avail¬ 
able. These are deep cycle 
(or Recreational Vehicle) 
batteries, designed for light- 
discharge, periodic-recharge 
service. Their internal con¬ 
struction is quite different. If 
they are as good as claimed, 
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HAL-TRONIX, INC. 



ID PRE AMPLIFIER. 10 MHz TO 1.4 GHz. l2dB GAIN 

FULLY ASSEMBLED AND TESTED $ 12.95 
3E PRE AMPLIFIER, DESIGNED FOR 2304 DOWN CONVERTER 


HalTrONIX INC gp « 


P.O. BOX 1101 
SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 


TUCSON AMATEUA PACKET AADIO 


they are well worth the pre¬ 
mium price 

9. Paralleling batteries. One 
recommendation re paral¬ 
leling storage batteries: 
DON'T! The weaker one in¬ 
evitably will discharge the 
stronger. If you do want the 
added capacity of a second 
battery, use a battery isola¬ 
tor. These are obtainable 
from marine and trailer sup¬ 
ply stores. Basically, it con¬ 
sists of two diodes arranged 
so that both batteries are 
charged from one source 
The load is split in two and 
each part is separately fed 
from its own battery 

10. Battery terminal cor¬ 
rosion. Usually noticed as 
green grass growing on the 
battery cables. The idea of 
the oil-impregnated felt 
washers is a good one. Un¬ 
fortunately, battery acid is 
creepy stuff. Once it gets 
out of the battery case, it's 
almost impossible to stop it 
from reaching the battery 
holder and, worse yet, the 



copper cables. The classic 
cure is to keep the top of the 
battery clean, thus prevent¬ 
ing the acid from doing any 
harm. Some other steps you 
can take are: 

• Encase the battery in a 
plastic bag, leaving the top 
open. This will contain the 
acid if it leaks down the 
sides. 

• In a car, it is a good idea 
to pull the battery out about 
once a year and examine the 
battery holder Any white 
deposits should be neu¬ 
tralized with diluted house¬ 
hold ammonia. Rinse well 
with plain water. Put on a 
coat of car undercoating to 
help prevent recurrence. 
Neutralize the battery cable 
ends as well. Grease them 
lightly before reconnecting. 

So that is it. Batteries: our 
best friends most of the 
time; dangerous enemies if 
mistreated A few precau¬ 
tions and a little tender lov¬ 
ing care and your battery is 
a friend for life. ■ 
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Thomas M. Hart AD1B 
22 Westwood Terrace 
Westwood MA 02026 


Another Antenna Approach 

This Timex/Sinclair program goes to great lengths. 


I n 1983, Time magazine se¬ 
lected the personal com¬ 
puter as the "Man of the 
Year," This is perfectly un¬ 
derstandable since micro¬ 
computers are now priced 
low enough to allow vir¬ 
tually anyone to become in¬ 


volved in home-computer 
operations. 

The least expensive com¬ 
puter on the market (as I 
write this) is the Sinclair- 
Timex 1000 which retails for 
less than $100. This is not a 
toy; it can be expanded to a 


64K memory and has many of 
the features of much more 
expensive machines. 

After purchasing a ZX-81, 
the predecessor of the Tim¬ 
ex 1000, I began to look for 
ham-radio applications. The 
computer is now situated on 


one end of my operating 
bench and, as time goes on, 
I hope to use it for com¬ 
puterized CW and RTTY 
applications. 

The program presented in 
this article is designed to 
compute the dimensions of 


10 REM "flNTCOM 

P" 

20 CLS 
25 PRINT 
30 PRINT 


40 PRINT "**** 
**************** 



60 PRINT "**** 

**************** 
************" 


70 PRINT 

80 PRINT 

90 PRINT 

100 PRINT "TO D 
ETEMINE THE SIZE 
OF A DIPOLE" 

110 PRINT "AND 
UERTICAL ANTENNA 
FOR ANV" 

120 PRINT "BAND 
, ENTER THE CENT 


ER FREQUENCY" 

130 PRINT "IN M 
EGAHERTZ:" 

140 INPUT F 

150 PRINT 


160 PRINT " 

170 LET Ll=(INT 
<49200/F> >/100 
180 LET L2=<INT 
<15000/F))/100 
190 LET L3=<INT 
<23400/F) V100 
200 LET L4=<INT 
<? 130/'F>>/' 100 
210 LET L5=(INT 
<102.5*L3>>/100 
220 LET L6=<INT 
<102.5*L4>>/100 
230 LET L7=<INT 
<L2*50>V100 
240 LET L8=(INT 
<L1*50>>/100 
250 FOR N=1 TO 
70 

260 NEXT N 
270 CLS 
280 PRINT 
290 PRINT "**** 


**************** sar 
************" 

410 PRINT 


300 PRINT 



420 print "isaa 



310 PRINT "**♦* 
**************** 
**■**•*•*■**•***•* “ 



440 PRINT L4J 


I 


450 PRINT 

460 PRINT 

470 PRINT 

489 PRINT "EHTE 
R imtm TO CONTI 
HUE " 


490 INPUT V* 


390 PRINT L2" 
■iliiaSM" • L7J" ■ 
iiiiaa*" 


500 IF V*="Y“ T 
HEN GOTO 20 
520 PRINT "MEMO 
RV USED; "JPEEK 
16396+256*PE E K 1 
6397-16509 
530 STOP 


Program listing 
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*:+: *+:+:* *:+: :+:+■+: +:+! *#:+:*** *:+:+ 

:+::+: 4 :*:+"+"+:+ 

TO DETEMINE THE SIZE OF fl DIPOLE 
AND UERTICflL ANTENNA FOR ANV 
BRND.. ENTER THE CENTER FREQUENCV 
IN MEGRHERTZ: 


sfc*:* $#* :* $$**:$*$*$$$ *4 :*$**$*$ 




■ CONTACT-BO MARK-II 

^ 1^1 ly A | TRB-BO MOD. III-IV 

“RTTY your TRS-80 with CONTACT-80!" 

SOFTWARE FEATURES, DISK & CASSETTE VERSIONS: BAUDOT-ASCII 
MORSE • Morse AUTOSYNC, FIST-FIXER • TRI-SPLIT screen • 
"Unlimited" STORED MSG sizes • AUTO BUFFER ALLOCATION • HARD¬ 
COPY • AUTO-ID'ing • TIME/DATED X-misslons* NAME-LINE • AUTO 
DIDDLE • Scrn COUNTERS-CLOCK-OSCILLOSCOPE • CLOCK KEYING • 
K/B ROLLOVER-REPEATING KEYS • Fast flexible I/O • Full EDITING using 

ADDITIONAL DISK VERSION FEATURES: 

SAVE-LOAD-KILL-DIR • AUTO-MONItor • File REVIEW 2-way MSG 
SELCALL, a "PERSONAL MSO" • AUTO-LOAD. 

With CONTACT-80 INTERFACE (1-KHz CW Tone DECODER, mates with any 


With MFJ-1224 RTTY/CW COMPUTER INTERFACE, PIS and Royal MFJ 
ADAPTER. A COMPLETE FULL FEATURE SYSTEM! . $239 
Guaranteed • Include Amateur CALLSIGN • POST PAID 
ROYAL,407ConkleRd.,Hampton,GA30228 ^ 150 Tel.(404)946-9314 


16,42 M33UB 
5 


16.83 Ullfl 

5,12 ■ilWSMi 


enter mraiu to continue 

Sample screens. 


a dipole and a vertical an¬ 
tenna for a given frequency. 
The program requests the 
center frequency of the de¬ 
sired band and presents the 
data in feet and meters. The 
program is written in Sinclair 
Basic, but can easily be 
transposed to any other 
machine. 

Before attempting to load 
the program, the program 


notes should be reviewed. 
Further, the illustrations 
show the computer monitor 
presentation of an actual 
run. With very little effort, 
the program can be 
modified to provide either 
more or less data. For exam¬ 
ple, the metric dimensions 
can be deleted or the 
decimal feet can be ex¬ 
pressed as feet and inches 


[ THE ONE STOP SOURCE SINCE 1959!! 


COAXIAL CABLE 

RG-8/U (95% BRAID-FOAM)$235/M' 
MICRO 8/U (95% BRAID-FOAM/115/M’ 
"" ""YU (96% BRAID-POLY)270/M’ 


CONNECTORS 


RG-214/U(2-96% BRAIDS-POLY)495/M’ UGdWUOR 17 
ROTOR CABLE 

8IC HAMLINE (2-18/6-22)S150/M’ 

8/C HAMLINE fiO <2-16/6-18)340/M’ 


)R URGE QUANTITY 


UG-21/BUIM ALE) $2.35 
UG 27/CU(RIGHT ANGLE) $4.45 
UG-57IBU(DOUBLE MALE) $3.15 
UG-29/BU(DOUBLE FEMALE) $3.15 


inM AK nA ^ ArrA „ P.O. Box 95-55 Railroad Ave. 
L (914) 947-1554-1555 Garnervi || e New Yor k 10923 


through simple program 
changes. 

In conclusion, we all can 
benefit from computerized 
operations in ham-radio ap¬ 
plications. Computers are 
not just useful tools but are 
critical elements of every¬ 
day life. Everyone should 


develop some degree of 
computer literacy in order 
to cope with future de¬ 
mands. The Sinclair-Timex is 
an excellent introduction to 
computer logic and pro¬ 
gramming. I hope to see a 
flood of ZX-81 applications 
in the near future. ■ 


**************** **************** 

ANTENNAS FOR 14.25 MHZ 


HALF-WAUE DIPOLE 

LENGTH EACH ARM 

34.52 FEET 17.26 FEET 

10.52 METERS 5,26 METERS 

QUARTER-WAUE UERTICAL 

UERTICAL RADIAL 

16.42 FEET 16.83 FEET 

5 METERS 5.12 METERS 


ENTER V/N TO CONTINUE 
MEMORV USED: 1217 

Sample output. 


PROGRAM NOTES 

1. Lines 20-160 set up the screen, provide directions, and 
accept the center frequency. 

2. Lines 170-240 compute the variables. 

3. Lines 250-260 are a timing loop. They hold the display and 
are only for graphic effect. They can be eliminated if 
desired. 

4. Lines 280-470 control the output. 

5. Lines 480-500 are a decision-making set. These allow input 
of additional frequencies. 

6. The antenna calculations can be found in any ARRL hand¬ 
book. They are: 

Dipole length in feet = 492/Freq. in MHz 
Dipole length in meters = 150/Freq. in MHz 
Vertical element in feet = 234/Freq. in MHz 
Vertical element in meters = 71.3/Freq. in MHz 
Radials are 2.5% longer than the vertical members 

7. In order to provide resuits that are rounded to 2 signifi¬ 
cant decimal places, each INT function utilizes a number 
multiplied by 100. The result is then divided by 100 to give 2 
decimal places. See lines 170-240. 
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® AMATEUR AND COMMERCIAL 
COMMUNICATION SERVICES 


•Technical assistance by F.C.C. licensed technicians using the finest repair, test, 
and alignment equipment to give you results you can count dn. 

• REPAIRS *TESTS • INSTALLATIONS 

•ALIGNMENTS • MODIFICATIONS 'EVALUATIONS 
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NEW PRODUCTS 


NEW ANTENNA ROTATOR FT-757GX LINE 


FOR BLIND HAMS COMPUTER-AIDED 

Teiex/Hy-Gatn has Introducod the HAM- TRANSCEIVER 
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Photo C. The CW operating team at HK9TL 
HK1DBO, HK1QQ, HKtAMW, and HK3BAE. 




mate Argentine callsign). Carlos Poffo 
LU9EIE and Art Gargarella LU6ETB braved 


and the surrounding islands as part of Ar- 

support for its claim to these disputed re¬ 
gions, the country stands to gain fishing, 


ARGENTINA INVADES 
ANTARCTICA 


Photo 0. The HK0TU operation as seen from the lop of the clllt high above the stations, 
gratia" Indicates a CW position. 
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Fortunately for DXers, the international 
ramifications of these disputes do not 


(yet) affect the DX st. 



financed by the respective governments. 



FUN! 


John Edwards KI2U 
TO Box 73 

Middle Village NY 11379 


DXING AND DXPEDITIONS 

sires. Most ot them I can't describe In a 



packing up my station (a Heathkit Sixer 
and a Trick Stick) and setting oft on a 

Alps, there to work the world on 50-MHz 
AM. Okay, I know six meters Isn't legal In 
HB-tand. but remember, this was a dream. 

Today, my goals aren't quite so lofty. I 
no longer dream ot giving a new country to 

stead, I would happily settle tor a Journey 
to any reasonably remote destination. All I 




ELEMENT 1 
MULTIPLE CHOICE 

1) On 160 meters, the DX window is; 
1) 1976-2000 kHz 


ELEMENT 2 
MATCHING 


Match the renowned DX operators in Cot- 





2) Martti Laine 

3) Tim Chen 

4) Paddy Gunasekera 

5) K. Venkataramanan 

7) Tom Christian 

8) Johan John” 

10) Lloyd Coivin 


B) 4S7PB 

C) W6AM 

D) VP2ML 

E) BV2A 

F) OH2BH 



RTTY LOOP 

V_ 

Marc I. Leavey, M.D. WA3AJR 
6 Jenny Lane 
Pikesville MD 21208 

KD6LPI9 in Hazelwood, Missouri. John s 
letter takes the ''tell-IMIke-lt-ls" award, tor 

VIC-20 as the computer end of Microlog's 
AIR-1 RTTY system 

ter, I will relate that°he Is totally satisfied 
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DR. DIGITAL 


Robert Swfrsky AF2M 
PO Box 122 
Cedarhurst NY 11516 


: BASED <Q), 
U.LSIGN CHAR (8>, 

:xt pointer; 


ALLOCATE NODE 
Q->CALLSIGN=Ih 
Q~>NEXT=NULL< ) 


REMOVE_FRONT•PROC RETURNS <CHAR<8)>; 

IF EMPTY() THEN DOJ 

PUT SKIP LIST <'QUEUE ACCESS ERROR') 


DCL TEMP POINTER; 

temp=front; 

INFO=TEMP->CALLSIGN; 

front=temp->next; 

IF FRONT=NULL() THEN REAR=h 
FREE TEMP->NODE; 

RETURN CINFO); 


EMPTYIPROC RETURNS <BIT< 
RETURN (FRONT=NULL<)); 
END empty; 


MAINLP2DO WHILE 

PUT SKIP LIST {'1. ADD CALL 
PUT SKIP LIST ('2. REMOVE C 


IF I * 2 THEN DO; 

IF EMPTYO THEN 

PUT SKIP LIST ('LIST IS EMPTY') 


INFO = REMOUE_FRONT <) 
PUT SKIP LIST (INFO)J 

end; 















































LETTERS 



SHUTTLE? 




































































































































W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

Some would key the rig, most 
wouldn't. None would both key 
and modulate. Eventually I 
found the KLM mike—worked 
fine, once I'd found it. Now why 
is It so difficult to have some 
standardization on mike con¬ 
nectors? Come ON, you manu¬ 
facturers. 

Okay. Receive on 145.55—no 
problem. I decided to use the 
tunable vfo for the receiver and 
the synthesizer for transmitting 
so I could switch between 144.91- 
.93-.95-.97-.99- 145.01 -.03-.05- 
.07- 09 quickly. My HT on 145.55 
zeroed in the receiver and I was 
ready to roll. 

The rig seemed to be working 
fine, with all sorts of guys chirp¬ 
ing in on the .55 channel before 
the expected orbit, complete 
with others telling ’em to get the 
hell off the downlink channel 
and others testily demanding 
call-letter identification by 
everyone breaking in. The usual 
crapola. 

About five minutes before the 


orbit, the uplink channels began 
to fill with callers. It sounded 
just like a DX pileup on 20m. I 
checked all of the ten uplink 
channels and found all ten piled 
high with signals. Having 
operated from planes many 
times over the years, I doubt if 
LFL could sort anything out of 
that mess. Even at two or three 
miles up, the channels turn to 
garbage as several stations try 
to use the channel at once. 

Some ops. confused by the 
complexity of having to transmit 
on one channel and receive on 
another, got the two mixed up, 
filling the uplink channel much 
of the time with alternating calls 
and put-downs. I don't know 
if anyone else waited to hear 
LFL before calling (It didn't 
sound like it on the uplink chan¬ 
nels), but I held my peace, 
waiting to hear if Columbia was 
even going to be on on this orbit. 
Silence from above. 

The chorus kept up for the 
twenty minutes of the orbit, plus 
about five minutes on either end 
just in case. What a jungle. 


1984 CALLBOOK 

Despite the ARRL trying to 
put the venerable Callbook out 
of business, the new edition 
came out. I don’t know why the 
Callbook seems to be so much 
more up to date than the ARRL 
version, but it sure does. At any 
rate, the 1984 Callbooks arrived 
($19 each for the US and foreign 
editions), so after making sure 
that I am still alive, I checked 
out the US ham census figures 
to see how many new hams we 
have. 

It’s easy to see why most of 
the ham dealers have gone 
broke and why we have so few 
American ham manufacturers 
these days—hardly any new 
hams. The overall Increase was 
about 2.6% over 1983—pitiful. 
Novices are up 9.4% this year. 
Techs are up 0.5%. Generals 
are down 0.7%. Advanceds are 
up 1.3%. Extra class is up 
7.2%. That's awful! 

In the heyday of amateur ra¬ 
dio (1946-63), we grew at 11% 
per year steadily. Since 1963, 
the average growth has been 
the same as this last year— 
2.6%—and that’s for twenty 
years now. Indeed, if we had 
not stopped our growth short in 
1963, we would today have over 
two million US hams—just 
double the Japanese ham pop¬ 
ulation, which makes sense 
when you figure that they have 
almost exactly half our total 
population. 


Would we have lost one after 
another of our consumer elec¬ 
tronics industries if we'd kept 
up supplying our country with 
career high-tech people via am¬ 
ateur radio? I think not. I've 
written about this for several 
years now, but I haven’t seen 
any signs of anyone really giv¬ 
ing a damn. I am bringing it up 
again because I’ve seen some 
magazines poo-pooing this 
with claims that we're back into 
a much higher ham growth. 
Well, we aren't. Nothing has 
been done to improve matters 
yet. 


FOREIGN HAM 
SUBSCRIPTIONS 

A couple months ago, I wrote 
mentioning that many hams in 
many foreign countries have 
currency restrictions which 
make it almost impossible for 
them to get 73. Hundreds of 
readers have been kind enough 
to send in gift subscriptions to 
help these DX hams and I’ve 
been getting copies of the let 
ters of thanks which have been 
forthcoming. It s almost sad to 
see how appreciative these 
lucky chaps are of your 
thoughtfulness. Try it and see 
for yourself. The regular DX 
subscription is $45, but if you 
send $25, I'll go the other $20 and 

that we Americans are the gooc 
guys. 



• Covers 100 to ! 85 MHz in 1 kHz slaps with thumb¬ 
wheel dial • Accuracy 1 part per 10 million at all fre¬ 
quencies • Internal FM adjustable trom 0 to 100 kHz 
at a 1 kHz rate • Spurs and norse al least 60 dB be¬ 
low earner • RF output adjustable from 5-500 mV at 
50 ohms • Operates on 12 Vdc @ 1 12 Amp • Avail¬ 
able tor Immediate delivery • $349.95 plus shipping 

• Add-on Accessories available to extend treq 
range, add infinite resolution, voice and sub-audible 
tones. AM, precision 130 dB calibrated attenuator 

• Call for details • Dealers wanted worldwide. 


VANGUARD LABS 
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problem nicely. While we are solving our 
problem, we are, however, cutting out the 



THE NETHERLANDS 


Honk Meerman, Jr. PDODDV 







































NOW! A State-of-the-Art Antenna 

for State-of-the-Art Transceivers— 
Why Settle for Anything Else! 

At last there is a mobile antenna that is truly a 
fit companion for today’s solid state, no-tune 
transceivers. 

Once the Spider*" 4-Band Antenna is tuned for 
10, 15, 20 and 40 meters, all you have to d 
turn the band switch on the transceiver—the 
tenna follows by itself. 


| MULTI-BAND ANTENNAS 

)1 OWENSMOUTH AVENUE. SUITE 463C | 
CANOGA PARK. CALIF. 91303 
TELEPHONE: (818) 341-5460 



V I _ Amateur 

iinicot ions) pSSSXL 

m m » g, Antennas. 

75^7 Cft ) Export Anywhi 

2317 Vance Jack! 


^Phlllystron HPTG 6700 . 

... 699/ti! s 

Potting Compound .... 

.... 12.95 



Alpha Delta.10% OFF LIST 

Hell Sound.10% OFF List 

AMECO Reamps.10% OFF LIST 

Fox Tango Sherwood_10' 

1, OFF LIST 

Tokyo Hlghpower HC400L 




ETO-Alpha. 

CALL FOR 

UP TO MINUTE QUOTE 

Anteco 5/8 wave 2m 


Magnet Antenna. 

.... 26.00 

Amphenol 2900 Bnc Male 


UHF Female Adapter HT ... 

.... 4.00 

Yaesu NCI A charger ft 207R 

. . . 36 00 

Robot 1200c high resolution 


color SSTV. 

1139.00 

450c color SSTV. 

. . 789 00 

800c/800ch RTTY/CW. 

., 789.00 



800c kit. 

,155.00 

Used 800 guaranteed. 

.. 375.00 

BIRD 43 elements ... SPECIAL ORDERS 

Collins 


KWM2 S/line crystals . 

12.00 ea 

Callbooks 1982 DX. 

.... 5.00 

Callbooks 1983 DX.US. 


Limited quantity 


WM NYE MB4-2 Tuner W Ba>ur 


3KW. 

.. 399.00 

MB-5. 

.,479.00 

MB 1-2 Baiun 100 watt. 

..185.00 

Coax-Seal, QSL holders. 

2.00 eo. 

73 Code Tapes . 

. STOCK 

New Whites Radio tog . 

.... 4.95 

1984 World Radio 


TV Handbook. 

...17.50 

Universal Electric, ARRL TAB, SAMS, 

Rider. ORR. Gilter. 

. STOCK 

ARRL Ham Radio, Yaesu Logs STOCK 

Trlppllte PR25 regulated 


20 amp . 

...99.00 

PR35 regulated 30 amp ... 

..169.95 

Belden 8235 300 ohm Kw 


Twinlead . 

.. 204/ft. 

EIMAC 3-500Z. 

.. . 99.00 

Sprague 500PF/30KV 


doorknob . 

...16-00 

RF Power Labs V71 2M . 

..550.00 

V76. 

.. 540.00 

VI80. 

..649.00 

C360. 

1190.00 

Drake Closeout 


RV75. 

..190.00 

RV7. 

..150.00 

550. 

.379 00 

160M CW KW input 


transmitter. 

..295.00 

Kenwood TS-530SP .... REAL BUY-CALL 

Cushcraft Prollne distributor 

. CALL 

Bencher ST 1. BY1. 

42.00 ea 

ST2. BY2. 

54.00 ea 

Big Ham Clock 2 LCD Clocks 


12/24 or 24/24 format. 

... 25.00 


8:30 a.m. to 5:00 p.m. Monday thru Fridi 
■n. to 2:00 p.m. Saturday • CST 
subject to change without notice. 


(512)733-0334 

(Toll free number 800-531-5405) 


Electronics Supply 

1508 McKinney 
Houston. Texas 77010 
713 - 658-0268 

TOLL FREE-ORDERS ONLY 
1-800-231-3057 
5 P.M.-10 P.M. M-W-F 
> 1-800-231-1064 
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PROPAGATION 

V___/ 

J. H. Nelson 
4 Plymouth Dr. 

Whiting NJ 08759 


EASTERN UNITED STATES TO: 



B= Difficult circuit this period. 

First letter=night waves. Second = day waves. 

G = Good, F = Fair, P=Poor. * = Chance of solar flares. 
#=Chance of aurora. 

NOTE THAT NIGHT WAVE LETTER NOW COMES FIRST. 
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2 
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NEVER SAY DIE 

editorial by Wayne Green 



THE SONY SURPRISE 

A couple of years ago, Sony 
brought out their 2001 all-band 
digitally-controlled receiver. It 
wasn't terribly sensitive, but it 
would tune in CW and sideband 
and the price was, particularly 
for Sony, most reasonable. This 
was followed by their 7600 
shortwave receiver—truly a 
marvel of compactness, small 
and light enough for the jacket 
pocket. It also had amazing 
bandspread for the most popu¬ 
lar shortwave broadcasting 
bands—and a surprisingly low 
price. 

This was followed a year 
later by the 7600A model, with a 
couple more bands. I liked this 
one particularly because it 
covered 40m and the CHU time 
signals, a nicety skipped in the 
first model. I took this radio 
with me on all of my foreign 
trips so I could check the VOA 
newscasts and make tapes of 
local AM/FM and SW stations 
in unusual spots around Asia 
and the Middle East. 

Then last year Sony did it. 
They put the digital tuning sys¬ 


tem from the 2001 into the 7600, 
calling it the 7600D, (digital, I 
presume). Wowie! Again, as 
with the 2001, the sensitivity is 
about on a par with Don 
Rickies, but it tunes from 150 
kHz to 30 MHz, plus the FM 
band! It has a bfo and a vernier 
on the tuning so you can tune in 
sideband just fine. It also has 
ten buttons you can program 
for Instant frequency selection. 
I find that handy for WWV/CHU 
time and my favorite FM sta¬ 
tions. Yes, it has an automatic 
scanner, too. 

It's possible that some of the 
ham dealers carry this radio. 
You might want to check 
around, if you travel much, this 
can be a real prize. I love check¬ 
ing the 20m and 15m bands 
from different places around 
the world as I travel. 

I’ve been looking for a ham to 
join my staff who might, in addi¬ 
tion to testing new ham gear in 
the W2NSD/1 ham shack for re¬ 
views in 73, arrange with Sony 
and other such manufacturers 
to make non-ham products 
such as this available via our 


magazines. Every now and then 
I find a toy like this which I think 
might interest readers but 
which could be hard to find for 

I'm one of those people who 
rush out and buy almost any¬ 
thing new. I almost always have 
a few surprising toys in my 
shoulder bag when I travel. It 
might be a radio, a miniature 
TV, a new kind of digital watch, 
or a new briefcase computer. 
Some people are just now 
discovering the Walkman... I 
had one of those within hours 
of its reaching this country 
eight years ago. 

A lot of these gadgets you 
see In the mail-order catalogs 
are dogs, despite the glowing 
copy and gorgeous pictures. I 
pore over each new Sharper Im¬ 
age, Markllne, JS&A, and so on 
catalog that arrives. Yep, I’ve 
tried the hanging by the feet 
gadget. 

For Instance, take the new 
tiny TV sets. Great technical 
marvels, no question about it, 
but who needs a Walkman TV? 
On most of the TV shows these 
days, you can turn off the pic¬ 
ture and lose little, so if you're 
an addict, why not just get a 
miniature radio with the TV 
sound channels? I doubt that 
we are going to see many peo¬ 
ple walking around the streets 
with portable TVs on their 
hands. 

Clive Sinclair has invested an 
enormous amount of time and 
money developing a very small 
portable TV. But for whom? I 
suspect that it was more the 
challenge of making it than any 
serious market expectations 
which drove Clive, I'll be watch¬ 
ing the success of the Sony 
Watchman and the new Casio 
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Doing It at Dayton 

This unofficial Hamvention handbook 
helps attendees and dreamers alike. 


C hange may be a hall¬ 
mark of a democratic 
society, but it is also the by¬ 
word of the 1984 Dayton 
Hamvention, whose leaders 
have made major modifica¬ 
tions to the annual April 
event. 

The location is the same, 
Dayton's Hara Arena, and 
the dates for the 1984 event 
are in their traditional loca¬ 
tion: the last full weekend of 
April (27, 28, and 29, for 
1984), but there have been 
considerable changes made 
in other areas, primarily the 
flea market. According to 
the cochairman of the Ham¬ 
vention, Harold "Hal" judd 
WA8KNM, the changes 
should be "99 percent to ev¬ 
eryone's benefit." 

Topping the list of 


changes for 1984 are the set¬ 
up times for the flea-market 
vendors who have waited 
long hours in line in the past 
to get a space. This year, 
those holding flea-market 
permits, which can be se¬ 
cured only by ordering in ad¬ 
vance, will be allowed to set 
up as early as Wednesday or 
Thursday in an assigned, 
numbered space. The spaces 
will be assigned on a first- 
come, first-served basis, 
meaning those who request 
a flea-market space and in¬ 
clude the appropriate mon¬ 
ey with the request ($15.00 
per space, four-space maxi¬ 
mum) will be assigned a 
space first. Hamvention 
Flea-Market Chairman, John 
Crody WB8TEK, hopes this 
will eliminate the imposing 


practice of vendors waiting 
in line, sometimes as long as 
three and four days, to get 
what some consider prime 
flea-market real estate on 
the Hara Arena parking lot. 

The official times for set¬ 
ting up in the flea market 
(for those with advanced 
sale permits only ) will be 
Wednesday, April 25, noon 
until 5:30 pm local time, and 
Thursday, 8:00 am through 
the time the flea market 
opens to the public at noon 
on Friday. No sales will be 
permitted in the flea market 
prior to noon Friday when 
the gates will be opened of¬ 
ficially to an anticipated 
crowd of over 20,000. Flea- 
market vendors also are 
reminded that a general-ad- 
mission ticket is required for 


admission to the flea market 
in addition to your flea- 
market permit, so be sure to 
order it when you request 
your flea-market permit. 

Since flea-market spaces 
are available only by ad¬ 
vanced sales, the wisdom of 
ordering early is obvious. 
Ordering your general-ad¬ 
mission ticket early would 
also be wise since the price 
has been increased to $7.50 
in advance and $10.00 at the 
door. No doubt about it this 
year—the early bird gets the 
worm, the best flea-market 
space, and gets to save $2.50 
on his ticket. 

For those who were there 
last year, you'll notice that 
the opening time for the flea 
market has been shifted 



Hams show up in droves when April comes to Dayton. Here's 
just part of the typical crowd that overflows the Hara Arena 
each year. 
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You'll find anything and everything electronic at the Dayton 
Hamvention, even a ham who has brought his own street 
light. 






The Silver Arena section of the Hara Arena is just one of three In between flea-market expeditions, vistors to the Hamven- 
large areas devoted to dealers and manufacturers' representa- tion might make a side trip to Wright-Patterson Field, home 
tives. of the US Air Force Museum. 


from Saturday morning (as 
in 1983) to noon on Friday 
(as it was in 1982). This 
means that sellers will have 
two and one-half days to dis¬ 
play their wares, and it also 
improves their odds of get¬ 
ting dry weather, a must ele¬ 
ment for outdoor display of 
radios and other moisture- 
sensitive electronic equip¬ 
ment 

To order flea-market spac¬ 
es, send $15.00 per space 
(maximum of four per cus¬ 
tomer) to the Dayton Ham- 
vention, PO Box 2205, Day- 
ton OH 45401. Crody said 
that no flea-market spaces 
will be assigned until after 
January, but that requests 
which have come in will be 
given spaces in order of their 
arrival. 

For anyone needing more 
information, Grody and his 
committee have made yet 
another change by setting 
up a flea-market informa¬ 
tion hotline at (513J-223- 
0923; this will be answered 
between the hours of 8:00 
am and 10:00 pm EST begin¬ 
ning well in advance of the 
Hamvention. 

More Changes 

The changes in Hamven¬ 
tion '84 don't stop with the 
flea market. The Hara Arena 
has been expanded since 
Hamvention '83 and now 
has an additional 10,000 


square feet located near the 
Silver Arena. The new space 
will be used in 1984 for the 
many Hamvention forums, 
while the space previously 
occupied by the forums has 
been made available to in¬ 
door sellers. Cochairman 
Judd believes that between 
200 and 225 exhibitors will 
be displaying their wares in¬ 
side the arena this year, and 
that includes the dealers 
and the manufacturers' rep¬ 
resentatives from such well- 
known companies as Trio- 
Kenwood, Icom, Yaesu, Hy- 
Gain, Drake, and Cushcraft 


With the expanded num¬ 
ber of indoor exhibitors and 
the expected 1,500 flea-mar¬ 
ket vendors, there's going to 
be a lot for the Hamvention 
attendee to peruse in a 
short, two-and-one-half-day 
tour. But never fear, there is 
a way to do it, and the key is 
planning. Plan to get an ear¬ 
ly start each day, and plan 
each day as carefully as 
possible. 

As soon as you enter the 
indoor part of the Hamven¬ 
tion the first time, you will 
be given a plastic bag which 
will contain the Hamvention 


program. This is your key to 
the entire event and it is 
worthy of a few minutes of 
study. Flip through the pro¬ 
gram, find the pages allo¬ 
cated to overall and interior 
maps of the exhibit area, 
and orient yourself. Next, 
check the times of the fo¬ 
rums and note the ones you 
might be interested in at¬ 
tending. Try to work your 
tour around these times be¬ 
cause the forums come only 
once while the flea market 
and indoor exhibitors will be 
there for the duration. This is 
one way to guarantee that 
you won't miss anything and 
be forced to go home with 
some heavy regrets. 

You might also try to plan 
to have some energy left af¬ 
ter a full day of hamfesting 
on Saturday to attend that 
evening's banquet This year's 
banquet speaker will be 
Harry Dannals W2HD, past 
president of the Amateur 
Radio Relay League. 

Cochairman Judd added 
that there have been some 
changes made to the ban¬ 
quet, not in the ticket 
prices—which remain $14.00 
in advance and $16.00 at the 
door—but in the menu. 
Judd said that the main 
course this year will be filet 
mignon. If you've ever in¬ 
tended to attend the ban¬ 
quet, this might just be the 
year to do it. 
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CHECKLIST FOR YOUR DAYTON TRIP 

• Secure room reservations early, for the nights of April 27 
and 28, and if you intend to arrive early on Thursday, for April 
26. 

• Purchase Hamvention tickets In advance and, If applicable, 
flea-market-space permits. 

• Have the members of your group committed to attend the 
Hamvention and determine your transportation require¬ 
ments. 

• Save enough money to cover the cost of the trip and to cov¬ 
er the cost of any planned purchases. Turn most of your cash 
Into traveler’s checks as these are readily accepted at the 
Hamvention and at the flea market. Personal checks are NOT 
a readily-accepted method of payment. If a dealer has a 
choice of a cash sale or taking a risk by accepting a personal 
check, he’ll probably take the cash. 

• Pack clothing necessary for your three- or four-day trip. 
Don’t forget, the weather Is very changeable. 

• Arrange for time off from work if you’re part of the laboring 

• Make and carry a list of things you intend to purchase at the 
Hamvention. The abundance of equipment found at the Day- 
ton flea market is mind-boggling and could make you forget 
what you came there to buy. 






GENERAL INFORMATION 
Send ticket orders to: 

Dayton Hamvention 
PO Box 2205 
Dayton OH 45401 
Flea-Market Hotline 
(513V223-0923 

(Try to limit calls to between 8 am and 10 pm EST.) 


(513^236-6160 
s: Registration general admission ticket is $7JO i 


ad¬ 


vance and $10.00 at the door. Tickets on sale in advance by 
mail or at the arena during the regular Hamvention hours; not 
available over night as in the past. 

Hamvention General Chairman 
Jack Mitchell AA8Q 
Asst General Chairman 
Harold “Hal" Judd WA8KNM 


John Grody WB8TEK 
Advance Registration 
Marge Mitchell WD8DSN 

April 28 Banquet Speaker Harry Dannals, Past President, the 
Amateur Radio Relay League. Banquet tickets—$14.00 in ad¬ 
vance, $16.00 at the door. 

Flea-Market Setup Times 

Wednesday, April 25: Noon to 5:30 pm. Thursday, April 26: 
From 8 am, all night, through to Friday at noon when the flea 
market opens to general public. All flea-market permits will 
be sold in advance this year None sold during the Hamven¬ 
tion. Flea-market vendors must have registration tickets and 
flea-market permits to be admitted to the flea market during 
setup times. 

Flea-Market Selling Times 
Friday: noon to 6 pm. 

Saturday: 6 am to 5 pm. 

Sunday: 6 am to prize drawing. 


Necessities 

Hamvention veterans are 
well aware of what to bring 
to the event and how to 
dress, but for the sake of the 
newcomer, let me review 
some of the time-tested 
practices. If you plan to 
drive to Dayton in a private 
car from 500 miles away, as 
our group does, set aside at 
least $100 for gasoline, 
weekend accommodations, 
and food. Motel reserva¬ 
tions should be made as ear¬ 
ly as possible and the Ham¬ 
vention Housing Bureau can 
be a big help. You would be 
wise to take advantage of 
the service this Bureau of¬ 
fers. In the past, food has 
been plentiful and tasty at 
the Hamvention and, I 
might add, reasonably 
priced. The same is true for 
most of the restaurants in 
and around Dayton, so if 
you have the money set 
aside for eating, you will not 
starve. Just make sure you 
budget properly. 

Let me suggest that you 
dress for the Dayton weath¬ 
er—and that means bring 
one of everything. I've seen 
years where the weather has 
been exceptionally beauti¬ 
ful—70 degrees plus during 
the days and no cooler than 
40 degrees at night—while 
I've also seen the worst- 
constant rain and near¬ 
freezing temperatures dur¬ 
ing the days and nights. So 
dress according to the old 
outdoorsman's adage, in 
layers so that you can take 
off or put on as the weather 
changes. And make the final 
layer a waterproof garment 
while keeping the heavy 
coat within reach should the 
temps fall to an extreme. It 
can happen. The weather 
can be great or lousy and it 
can be a determining factor 
in how good a time you have 
at the Hamvention, so go 
prepared. The weather was 
great in 1982 with the only 
problem being chapped lips, 
while last year's weather 
was fit only for the ducks 
and the well-prepared. 

To keep up with the mem- 
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bers of your group, I would 
suggest that you rely on the 
ever-popular two-meter han¬ 
die-talkie, but try to have ev¬ 
eryone bring a synthesized 
rig so that you can be flexi¬ 
ble in finding a standby fre¬ 
quency. A crowd of over 
20,000 hams can generate a 
lot of rf. 

Finances 

Don't say it; I know what 
you're thinking. Here I've 
told you about all of the 
great changes for the grand- 
daddy of all hamfests, but I 
haven't said how you can af¬ 
ford to go. 

First things first Talk to 
your buddies on the local re¬ 
peater about a possible trip 
and find out who would like 
to go, and then get a con¬ 
crete commitment from 
them so that you can plan 


properly. Then have each 
person arrange to have the 
days off from work that 
they'll need to make the 
trip. Setting aside Thursday 
for travel and Friday morn¬ 
ing for setting up in the flea 
market may work, but if 
you're traveling far and plan 
to be in Dayton for the prize 
drawing Sunday afternoon, 
you might also consider tak¬ 
ing the following Monday 
off from work to con¬ 
valesce. You'll enjoy the trip 
more if you know that you 
don't have to go right back 
to work as soon as you get 
home. 

Enough planning. Let's 
get down to paying for the 
trip. Overtime and part-time 
jobs are possible sources of 
extra revenue, but since it's 
a ham-radio activity, it 
seems appropriate to me 
that ham radio should help 


meet the expenses. That's 
where all of this talk about 
the flea market comes in. At 
a cost of $15.00 a space, 
three people can split the 
expense (investment?) and 
sell a lot of their unused 
equipment Agreed, it's a 
common ploy at a hamfest 
but I'm talking about Day- 
ton, and that means you'll 
have probably 20,000 to 
25,000 radio enthusiasts 
checking out your high-qual¬ 
ity castoffs. As my Daddy 
used to say, "With that 
many fish, you're bound to 
get a bite." And with the 
three or four of you taking 
shifts at watching over the 
gear, you'll get a chance to 
check out everybody else's 
offerings and still not miss a 
sale. 

Buying Gear 

I always tell myself that if 
I sell one particular piece of 
equipment, then I'll use the 
money made on the deal to 
buy that new rig I've had my 
eye on. Besides being a 
great place to sell used 
equipment Dayton is also 
the perfect place to buy that 
new rig since the dealers are 
always in a mood to sell at a 
good price. Call it their an¬ 
nual low-price fling or what¬ 
ever you want, but I have al¬ 
ways found what I was look¬ 
ing for at Dayton and found 
it at the best price. Ask any¬ 
one who's been there and I 
bet they'll tell you the same 
thing. You'll get to see what 
you want to see, put your 
hands on it, push the but¬ 
tons and turn the knobs, and 
then buy for the best price 
imaginable. 

I know the dealers will 
probably skin me alive for 
saying this, but let me pass 
along a word of ad¬ 
vice-spot the piece of gear 
you want at three or four 
dealers, list the prices, and 
then go back to each one 
and ask them to give you 
their rock-bottom, last-day- 
of-the-hamfest price. If you 
think one of them is offering 
you the best deal you'll see, 
make your purchase from 





that dealer. If you think you 
can get it cheaper, wait until 
the second or maybe the 
last day of the hamfest and 
go back to the dealers again 
to get their prices. Be aware 
that if you decide to wait, all 
of the dealers could sell out 
of that rig you've been want¬ 
ing so badly. With the prices 
being so right and so many 
people looking for a deal, 
the bargains do not last 
long. Once again, be pre¬ 
pared. 

And keep one other fact 
in mind when you tackle the 
dealers—the more the deal¬ 
ers sell, the less they have to 
pack up and take home. 
That's why most of the best 
deals on the remaining 
equipment are made on the 
last day of the Hamvention, 
on Sunday afternoon when 
most folks are hanging 
around for the prize drawing 
or in the process of packing 
up to head home. 

If you have trouble work¬ 
ing the deal you want, get 
the dealer to toss in an ac¬ 


cessory for little or nothing 
more. After all, it would 
make still less that he has to 
pack up and take back with 
him and it makes the deal 
even sweeter for you. 

What Will I See? 

When you arrive at the 
Hara Arena, don't worry if 
you think your eyes are 
starting to bug out You'll 
probably be seeing a few 
things you've never seen be¬ 
fore. Just in the past few 
years I've seen the first syn¬ 
thesized handie-talkie and 
the first digital-readout low- 
band rig make their initial 
appearances at the Dayton 
Hamvention. And there's a 
reason for it Manufacturers 
like to take the wraps off 
their new items at the Ham¬ 
vention because they know 
that it's their best chance to 
show it to a large share of 
the amateur-radio commu¬ 
nity at one time. The more 
people that see an item, the 
better the chances of selling 
it. Remember the 20,000 


plus folks I said could be 
walking past your flea-mar¬ 
ket space? Most of the same 
people will get indoors also. 
The manufacturers also 
know that most of the hams 
who attend the Hamvention 
have a buying urge, and 
they'd like you to satisfy 
that urge by buying their 
product 

What else can you expect 
to see at Dayton? I would 
expect to see more comput¬ 
ers interfaced with ham-ra¬ 
dio equipment at the '84 
Hamvention, and I would 
expect to see more dealers 
selling software for amateur 
applications. Last year, the 
RTTY-CW interfaces were 
on display and drew consid¬ 
erable crowds, so this year 
look for the dealers to take 
the next logical step and 
explore the computer field 
a few steps further. We've 
got satellite-tracking pro¬ 
grams that run on VIC-20s 
and other basic machines, 
so don't be surprised if soft¬ 
ware abounds to turn all 


of your ham-radio drudgery 
into funtime with your com¬ 
puter. After all, it will be 
the coming thing for many 
a year to come. 

Here We Go! 

Okay, if you've followed 
me so far, you should have a 
pretty good idea as to how 
to prepare for the 1984 ver¬ 
sion of the Dayton Hamven¬ 
tion, the hamfest that is 
quickly earning the tag. 
“center of the ham-radio 
universe." So get your days 
off arranged, pack your 
clothes and the equipment 
you plan to sell, list the 
items you want to purchase, 
get your group together, and 
let's head to Dayton for 
April 27, 28, and 29. 

The bunch of terrific guys 
I go with started talking 
about the 1984 trip on their 
way home from the 1983 
event, so I think we'll be pre¬ 
pared to have another great 
time in Dayton, Ohio. Grab 
your HT and come join us. 
It's gonna be great! ■ 



428 Central Ave. Johnstown, PA 15905 

I AN AUTHORIZED KANTRONICS DEALER 

The Interface by Kantronics 
for: 

Apple Tl 99 

Atari TRS-80C 

Commodore 64 VIC-20 

Announcing also, Amtorsoft for I 
the 064, VIC-20, and Apple. 

COMPLETE SALES & SERVICE. 

♦DIAMOND* 

WORLDWIDE 

! Call for package deals or “one of I 
a kind”; 1-814-535-2432 


AVANTI. 


on-glass, halfwave,) 
antenna that 
15 minutes. 
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Me and My Stupid Old 
PMOS Converter 

At last , there's an easy way to get -12 V from a +5-V supply. 
Who said "trial and error"? 


C R. Bryan III WB1HKU/6 
7311 Variel Avenue 4 
Canoga Park CA 91303 


S tupid old PMOS. It's 
slow, it runs hot, it gives 
protective input diodes a 
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workout because its output 
low can go below ground, 
and it needs weird supply 


voltages. Most of the newer 
NMOS devices have been 
designed to make do with 
one 5-volt supply, either by 
some design rethinking or 
by inclusion of a substrate 
charge pump on the chip 
itself, but stupid old PMOS 


has to have strange supply 
levels provided in order to 
operate. 

It was that last gripe that 
had me stymied for a while. 
I have an old keyboard from 
some junked phototypeset¬ 
ter somewhere, bought for 
all of ten bucks. It's TTL 
throughout, with maybe VS 
A drain on the 5-V, 3-A sup¬ 
ply in my home-brew Cos- 
mac Elf. (One miserable 
PMOS shift register does 
have to have a —12 supply 
if I want anything but smoke 
from it) At that, the key¬ 
board outputs some weird 
code that makes sense only 
to the machine for which it 
was designed. A local outlet 
sells a keyboard encoder, 
the AY-5-2376. If I kludge- 
wired that onto the key¬ 
board in place of the orig¬ 
inal logic, I'd have good old 
parallel ASCII coming out of 
a single 40-pin chip, made 
of . . . PMOS. Yep—it needs 
a —12 supply, drawing may¬ 
be 4 mA, I should build an 
additional line-powered 
power supply for that? 

I've seen a few upconvert- 
er circuits around; most use 



Fig. 1. Initial version. With 9 to 19 volts input, and the right toroid, this circuit might provide 
50 V output. LI is 10 bifilar turns # 28,13 is 25 to 50 bifilar turns #28 (I used 25 turns), and L2 is 
8 to 10 turns #26. The toroid is a .375-inch ferrite horn a Radio Shack “Ferrites" package. 
Capacitor Cl resonates with L2 to determine oscillating frequency; 200 pF is probably a good 
minimum value to keep interwinding capacitance from getting into the act The transistors 
came horn my junk box; the numbers listed are their rough functional equivalents. With dif¬ 
ferent devices, the regulator circuit could waste a lot less current. 




555s and voltage-doubler 
chains. Motorola even has 
one with a 7406. Somehow, 
all these capacitor-pulse 
designs struck me as being 
wasteful, inadequate, or 
both. 

I'm a bit of a QRPp nut, 
and I have the toroids to 
prove it—some from Radio- 
kit and Amidon, some from 
those blister cards Radio 
Shack started selling a year 
or so ago. I got out my dip¬ 
per and my boxes of small- 
signal transistors, turned on 
the 'scope and the Weller. 

and waded in Fig. 2. 5-volt-input version. Note that L2's phase is reversed. Equivalent transistor types again. 

The first circuit I built The 79L12 only burns about 4 mA. 
does fine with at least 9 

volts for a supply. The rec- enough gain at the frequen- transformer's main winding driven 5 to 10 volts more 
tified secondary voltage cy in use. The added pair as low as possible, roughly negative than their emitters 
soared up to 90 volts at one corrected that but brought 0.2 volts with these par- (positive for PNPs). Unfor- 
point in my experiment- in a new problem: The satu- ticular parts. That means tunately, the localized heat 
ing—no load. That's why I ration voltage (VcE-sat) f° r a that the total possible swing in the base region of the 
put in the 10k load resistor, Darlington pair, measured for the transformer, ignoring transistor chip causes per- 
to keep the voltage within from the ganged collectors coil losses, is 9.6 volts— manent changes in the dop- 
the survival zone of the di- to the lower emitter, is one much better. Of course. I've ing arrangement, so the beta 
odes, to say nothing of any v CE-sat plus one Vbe for a ignored here the effect of goes down. This is why most 
regulator I might care to put typical circuit, because the available voltage swing on multivibrator designs have 
in. driver-half emitter is held circuit impedance, which af- diodes with high PIVs in 

As for the regulator cir- high by the final-half base- fects the available juice them, to keep the sharp neg- 
cuitry, I must admit that I emitter diode (one Vbe). an d (wattage) from what is, in ef- ative spike through the ca- 
was playing. I had already their collectors are tied feet, a self-excited balanced pacitor from doing damage, 
decided to put a 79L12 in together. The collector of transmitter. I chose a more If you are running such a cir- 
the finished unit, but I didn't the driver-half can't do more rudimentary approach, one cuit with a supply higher 
have one on hand as yet, so I than saturate—it can't go within my immediate com- than 5 volts, you must have 
kludged this one up in order lower than its emitter. More prehension. In other words, them too. Otherwise, if the 
to see how much fun I could current into either the driv- I'm lazy, so I just called it an 'scope shows that the col- 
have putting together a reg- er's base or the two collec- astable multivibrator and I lector voltage has a needle- 
ulator. If you look closely, tors only drives both volt- played around with it until it thin negative spike going 
you will see not only that ages higher, making the worked. lower than ground on the 

I've abused the reference di- problem worse. I was losing It works. The keyboard falling edge of its wave- 

ode (which prefers to con- virtually 2 Vbe on eac h side converter starts up every form, your transistors are 

duct only about 7.5 mA), but of the main winding, even time and feeds a dead quiet being degraded even as you 

also that the converter is with the protective series -12 volts to the shift reg- watch, 

cranking out upwards of 25 diodes shorted out That's ister. It'll do the same for the The second point is one of 

mA, still with enough input fine for circuits with, say, 9 2376 instead, when I get balance. Some of Doug De¬ 
headroom to the pass tran- volts or more rail-to-rail, but around to the surgery in- Maw's QRP amplifier de- 

sistor for it to regulate. The down at a 5-volt supply volved. Then there's that signs are crawling with 

medium-current pair of tran- level, the missing voltage Motorola character genera- toroids, just to swamp out 

sistors in the oscillator got swing was proportionately tor for translating ASCII into tolerances and force a 50% 

warm, but not hot, and no- too large to be ignored. a video bit stream; that duty cycle in the output sig- 

body seemed to be hurting. At this point I remem- needs two weird voltages— nal. I got by with just one tor- 

Then I dropped the supply bered the composite PNP in and it's NMOS! That just oid by using the twisted-pair 

rail to 5 volts, and the output the final stage of National's means there'll be two sec- wiring shown, but a little ar¬ 
got very mushy maybe 8 LM380, and the final version ondaries on the toroid. I've tistic symmetry in windings 

volts across the output load started emerging on paper even got a couple of PMOS placement is required too. 

resistor. I have even more voltage character generators that Caveat constructor. 

The problem is in the Dar- gain here, because the need ±14 volts. The third point is the 

lingtons. I put in the second driver stage is running com- There are several points toroid itself. I used some 
pair of transistors, Darling- mon-emitter rather than the of design and technique to from those Radio Shack 

ton-style, because the medi- common-collector driver in be mentioned here. First, packages, and they work 

um-current transistors weren't the Darlington version. More most bipolar transistors be- very well. The ones you will 

being driven fully under important, the final stage is have very nicely like zener pull out of there might 

load, thus, there was not free to pull its end of the diodes when their bases are not—it's a matter of size 
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and ferrite mix. The highest- 
permeability device is the 
one to use, because you get 
more inductance per turn of 
wire (mine were around 350 
uH with ten turns). Such 
toroids are designed for a 
lower frequency range, so 
you can run them at a lower 
frequency, where the diodes 


rectify better (I've run the 
prototype up to 2 MHz, but 
its overall efficiency is best 
at around 50 kHz), and 
where it's a lot easier to con¬ 
tain the rf that any power 
oscillator spews out The 
2-MHz version wreaked 
havoc with an AM radio 
across the room; the 50-kHz 


Parts Ust (tor Fig. 1) 

Cl 200-pF silver mica 

C2,4,6 CK05, 104k, .1-uF monolithic ceramic (Better than a 
disc capacitor for high-frequency decoupling be¬ 
cause the internal sandwich construction results In 
a low-inductance package. Substituting for one usu¬ 
ally involves a ,01-uF disc ceramic paralleled with a 
.001 disc or a 100-pF silver mica. Here, a ,01-uF disc 
will do.) 

C3 47-uF, 16-V aluminum electrolytic 

C5 4.7-uF, 50-V aluminum electrolytic (Up to around 25 
uF is useful at this current level; more than that can 
cause start-up problems for the oscillator, due to 
loading.) 

D1-6 1N4148 or 1N914B switching diodes 

D7 1N825A temperature-compensated reference diode 

(It consists of a reverse junction in the same package 
with a forward junction; at 7.5 mA of current through 
the diode, the complementary temperature coeffi¬ 
cients of the two junctions cancel each other out. 
With the voltages shown, the current through the 
diode in Fig. 1 is nearly double the correct value, 
which doesn’t hurt it but wastes both the current and 
its compensation. Newark Electronics' Catalog 105 
lists it for $1.90.) 

LI, 2,3 See text 

Q1, 2 NPN medium-current switching transistors (The fast¬ 
er the better. I used 2N3568 equivalents; 2N2219A is 
easier to find.) 

Q3,4 NPN switching transistors (The faster the better. 
2N3904 Is widely available.) 

Q5 NPN medium-current transistor (Speed isn’t critical, 
but gain and wattage are. I used a 2N699, which is 
barely adequate. It should be at least a heat-sunk 
2N2219A, maybe a TIP48. Better to be overcautious 
on wattage than to worry about Its surviving a short 
or a still-air heat buildup.) 

06,7, 

8 NPN small-signal transistors (I used 2N3904 
equivalents. With higher beta, resistor values in the 
regulator may be raised, conserving current. Beyond 
the voltages shown, start paying attention to the col¬ 
lector-voltage ratings of these devices.) 

R1,2,3 10k,V4-W (With the regulator in place, R3 isn’t really 
necessary, but it's a cheap security blanket.) 

R4,5 1k,’/.-W (As mentioned, R5 should be a 1.8k.) 

R6 680-Qhm,>/.-W 

R7 4.7k 

R8 5.1k (The regulator (Q5-7) regulates by keeping the 

R7-R8 voltage divider's tap at the same voltage as 
the reference (6.3 V In Fig. 1). Their ratio sets the out¬ 
put voltage.) 

R9 10-Qhm (This resistor sets the current-limiting level. 

When the voltage across it reaches the .6-V tum-on 
threshold of Q8, Q8 will begin stealing base current 
from Q5, turning it off. With this value for R9, that's at 
60 mA output.) 


version doesn't bother it a 
bit, even though the lower 
frequency is more likely to 
provide harmonics within 
easy reach of BCB carriers. 
My guess is that the diodes, 
which do take a finite 
amount of time to go into 
and out of conduction, sim¬ 
ply digest the lower frequen¬ 
cy more thoroughly, reflect¬ 
ing a lot less trash back into 
the oscillator. 

The less rf noise, the less 


shielding is required, and the 
less hassle you have arrang¬ 
ing for air flow to carry heat 
out of that shielding. 

My converter simply sits 
parked in one comer of 
that keyboard, unshielded, 
kludge wired into holes drilled 
in an etched-clean section, 
making less noise than the 
keyboard scanning clock. 

Obviously, anywhere one 
or two greedy little circuits 
demand a strange supply 


Parts Ust (for Fig. 2) 

Cl Select in test (200-pF starting value, may end up at 
.01 uF or higher. In order of preference: NPO ceramic, 
polystyrene, silver mica, mylar™, disc ceramic. The 
higher the frequency, the more the capacitor's quali¬ 
ty matters. 220-pF silver mica: Jameco DM15-221J, 
49c.) 

C2,4,6 ,1-uF monolithic ceramic or ,01-uF disc ceramic (.01 
uF: Jameco DC.01/50, 8c.) 

C3 47-uF, 10-V electrolytic (47-uF, 16-V: Jameco A47/16, 
24c.) 

C5 4.7-uF or more electrolytic (Working voltage should 
be at least 1V4 times unregulated output voltage. 
4.7-uF, 50-V: Jameco A4.7/50,19c.) 

C7 1.0-uF tantalum or 10-uF aluminum electrolytic. 
(Working voltage should be significantly higher than 
regulated output voltage. 1.0-uF, 35-V tantalum: 
Jameco TMI/35, 29c.) 

D1-4 1N4148, 1N914B, or other silicon signal diodes 

(Should be rated for minimums of 50 PIV, 50 mA con¬ 
tinuous forward current, maximum switching time 10 
ns or so. 1N4001-type rectifiers can't switch fast 
enough. 1N4148: Jameco, 15/$1.00. Fairchild rates 
these devices at 100 PIV, 200 mA, 4.0 ns.) 

LI, 2,3 Windings are determined by application and circuit 
values. See text and schematic for prototype values. 
Bifilar windings are prepared by twisting twin 
lengths of pretensllized wire with electric drill to 10 
-20-tums-per-inch pitch. Toroid is from Radio Shack 
package of ferrites. A good equivalent is Micro- 
metals FT50-43: Radiokit, 60c. 

Q1,2 NPN medium-current switching transistors— 
2N2219A, MPSU06, 2N3568 (Dissipation limit should 
be at least Vi W. 2N2219A: Jameco, 2<$1.) 

03,4 PNP switching transistors—2N2907, 2N3906 (The 
faster the better. 2N3906: Jameco, 4/SI; Priority-One 
#052N3906,5*1.) 

R1.2 47k, %-W (Priority-One #05RCQ473L, 50*1; Radio 

Shack #271-1342,5/39c.) 

R3 10k, V.-W (Priority-One #05RCQ103L, 50*1; Radio 
Shack #271-1335,5/39c.) 

U1 Motorola 79L12 in prototype (Device choice depends 
on application. PC layout will accept 78XX, 79XX, 
LM340, and LM320 devices with inline pins (L, P, M, T 
types). Check pinout before installing. Positive regu¬ 
lator may be used to regulate negative voltage by 
making regulator output common. 79L12: Priority- 
One #05MC79L12CP, $1.00.) 

Converter will be most efficient in a frequency band whose 

low end is determined by transformer reactance and whose 

high end is determined by transistor and diode speeds and 

capacitor quality. 
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voltage, you can now satisfy ter design could probably venient frequency clock 

them, literally on the spot run an 8080A chip set with available, you can slave the 

This circuit can go in any just 5 volts input If you converter to the clock and 

number of directions. A bet- have both phases of a con- save yourself a few parts. 



Fig. 3. PC board for the 5-V version. 


guaranteeing the converter 
start-up in the process. A 
couple of VNIOKMs (VMOS) 
would probably suffice, pro¬ 
vided only that the clock 
signals swing fully rail-to- 
rail. (TTL typically needs a 
pull-up resistor to hoist its 
output above 3.5 volts.) 
Somebody else will proba¬ 
bly put me to shame with 
the efficiency of their ver¬ 
sion, but that's okay; I just 
wanted to get that keyboard 
running on just a + 5-volt 
supply. Stupid old PMOS.B 



Fig 4. Component layout. 


here is the next generation Repeater 

MARK 4CR 


In 1978 we created the first micro¬ 
processor based repeater and here is its 
successor the incomparable MARK4CR. 
Of course it has autodial and tail mes¬ 
sages, after all, we invented those 
features. Sure it has autopatch, reverse 
patch and built-in ID. But hold on -- it 
also has Message Master ™ real speech 
and receiver voting. Its all new receiver 
puts 7 large helical resonators up front 
for extremely high dynamic range. Yes, 
MARK 4CR is the next generation! 


Unlimited vocabulary speech messages in your own voice 
Hundreds of tone access functions, many with time-of-day setting 
All vital parameters can be set remotely by tone access 
Two phone lines and dozens of input/output control lines 
4 channel receiver voting plus full linking capability 
Bus structured design for easy hardware/software expansion 
"Overload proof" receiver with 7 large helical resonators 
Our famous MCS squelch, often called the best in the business, is 
now even better with automatic fast/slow switching 


MICRO CONTROL SPECIALTIES 

23 Elm Park, Groveland, MA 01834 (617) 372-3442 
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W4RNL 
on Hills Rmd 


Watch That Signal! 

Haul out your old oscilloscope and turn it into a 
signal monitor. The conversion is easy and the price is right. 



O scilloscope adaptors 
for rf have been 
around a long time. They be¬ 
came popular with the ad¬ 
vent of SSB and inexpensive 
scopes after the end of 
World War II Today, many 
of the leading ham equip¬ 
ment manufacturers, includ¬ 
ing Heath, Yaesu, and Ken¬ 
wood, provide matching 
scope units for monitoring 
transmitted —and in some 
cases, received —signals. 
The equipment is excellent, 
but so is the price tag. There 
are cheaper ways to have an 
effective monitor, especial¬ 
ly if you are interested only 
in seeing your transmitted 
signal. All you need is a 
cheap working scope and a 
simple adaptor. Fig. 1 shows 
in simplified form what we 
need. 

As simple as this scheme 
is, relatively few hams 


monitor their transmitted 
signals or use monitors for 
making adjustments The 
part of the equation that 
stops most hams is probably 
the scope itself and not the 
adaptor. There are several 
good working designs, and 
we shall look at a few before 
closing. However, the idea 
of owning and then modify¬ 
ing an oscilloscope still 
creates anxiety in many 
hams. So let's begin by look¬ 
ing at what makes a good 
scope for rf work 

Choosing a Scope for Rf 

Current scope specifica¬ 
tions make the units of even 
fifteen years ago look bar¬ 
baric by contrast. The mod¬ 
ern scope has triggered 
sweep calibrated in frac¬ 
tions of a second per divi¬ 
sion on the scope face We 
can no longer create some 
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Fig. I. The basic elements needed tor rl monitoring. 








of the funny pictures of yore 
because the recurrent 
sweep, calibrated in fre¬ 
quency, is gone. Virtually all 
scopes are solid state. Dual¬ 
trace capability is the rule 
rather than the exception 
The frequency limits of the 
vertical amplifier have gone 
out of sight. Except for very 
expensive lab scopes, a 
5-MHz limit was rare twenty 
years ago; today, the limit is 
fast approaching 100 MHz, 
with 20- and 30-MHz units 
common One other thing 
has kept pace with the rising 
specifications; the price. 

Modern scopes are excel¬ 
lent. If you own one, then rf 
monitoring is a simple mat¬ 
ter of taking an exceedingly 
small sample of your trans¬ 
mitted signal and feeding it 
directly into the vertical am¬ 
plifier of your scope You 
need no adaptor. Unfortu¬ 
nately, few of us have the 
money for a 30-MHz scope 
that will get only an occa¬ 
sional workout in the shack. 
Indeed, if we have access to 
such a piece of equipment, 
it will most likely go on the 
test bench where it will be 
used more regularly. 

If we do buy an older 
scope, our tendency is to 
choose one of recent vin¬ 
tage. This would be a solid- 
state scope with at least one 
MHz, and perhaps five, as 
the vertical amplifier limit. 

It would have recurrent 
sweep and single trace. 

I should have stopped the 
moment I mentioned solid 
state! Although there are 
good solid-state scopes ca¬ 
pable of handling the 
50-odd volts of rf that we 
shall put into the case with 
at least an inch or two of 
lead, few of the cheap units 
have sufficient shielding be¬ 
tween the amplifier boards 
and the neck of the scope 
tube where our leads are 
needed. The odds of pop¬ 
ping one or more transistors 
is very great. We can add 
shielding, but our chances 
of successfully eliminating 
all rf danger are slim to non¬ 
existent. Modern solid-state 


monitors begin with this 
problem as a design consid¬ 
eration, and it may be easier 
to build a scope from 
scratch than to rebuild a sol¬ 
id-state unit that was never 
intended for rf service. 

Tube-type scopes of the 
next preceding generation 
do not suffer the problems 
of solid-state scopes. A few 
volts of rf in the case will not 
injure the tubes or other 
components. A hamfest will 
turn up many of these 
scopes for sale The main 
item of concern is the qual¬ 
ity of the cathode-ray tube 
and the power transformer. 
Both are difficult to replace 
and costly at best. If the 
scope puts out a bright, 
well-defined trace with the 
intensity control at the half¬ 
way point, then other faults 
can be repaired with the in¬ 
vestment of troubleshooting 
time rather than money. 

For an rf monitor at the 
operating desk, I prefer a 
smaller scope to the round- 
faced five-inch models To¬ 
ward the end of the tube era, 
a number of compact three- 
inch units appeared, includ¬ 
ing the Eico 435 and 430. 
The8Vi ” by 6" by 11' audio 
frequency 430 cost $69 95 in 
kit form in 1965, and it may 
be worth half to two-thirds 
of that price at a hamfest if 
it is in excellent condition. If 
you prefer a larger scope 
face, there are numerous 
Dumont and Heath models 
(among others) that can be 
picked up for a song and a 
few greenbacks. 

Getting a scope is half the 
battle. Modifying it for di¬ 
rect rf input is simple. Lo¬ 
cate the vertical deflector 
plate terminals on the scope 
tube socket. As close as pos¬ 
sible to these terminals, in¬ 
stall a pair of connectors on 
the rear panel of the scope. 
Phono connectors work well 
if you use thin coax for the 
leads from the adaptor (one 
lead for each terminal, since 
the signal will be balanced). 
Pin jacks or similar connec¬ 
tors will work if you uSe 
twinlead or other balanced 
lines from the adaptor; 



Fig. 1. Rf connections to typical vertical amplifier circuits, 
la) Triode dc-coupfed output stage, lb) Pentode decoupled 
output stage, fc) Pentode ac<oupled output stage. 


however, shielded leads are 
best, especially with higher 
power. 

Between the socket termi¬ 
nals and the jacks, install 
01-fiF disc ceramic capaci¬ 
tors of at least 1000-volt rat¬ 
ing Keep the leads as short 
as possible, and try to keep 
the capacitors at right an¬ 
gles to anything to which 
you might couple signal. 
Many scopes used to have 
accessory jacks on the rear 
panel for any number of im¬ 
probable uses (for example, 
dc voltages to power units 
under test if they by chance 
happened to require exactly 
the voltages provided at a 
very limited current). If 
these are close enough to 
the scope tube socket, then 
mechanical work will be fur¬ 
ther minimized. 

Fig. 2 shows the connec¬ 
tions schematically, along 
with some typical vertical 
amplifier connections to the 
same socket pins. In most 


cases, you will need no 
other work on the scope. It 
will operate normally when 
rf is not present. When using 
the scope to monitor your 
transmitter, keep the verti¬ 
cal gain at minimum, and if 
you have input attenuator 
positions, set them at maxi¬ 
mum. For monitoring, we 
simply bypass the vertical 
amplifier and generate the 
voltage needed to deflect 
the trace vertically by other 



Fig. 3. Isolating rf and nor¬ 
mal scope signals. 
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Fig. 4. The typical adaptor circuit of the 7960s. 



Fig. 5. A miniaturized version of Fig. 4, utilizing toroid 
cores. 



Fig. 6. A simple rf scope 
adaptor in wide use today. 



Fig. 7. The VE7CCK adaptor. 


If you encounter prob¬ 
lems with the use of the 
scope for non-rf purposes, 
then you will want to install 
the double-pole, double¬ 
throw switch shown in Fig. 3. 
This will effectively isolate 
the two modes of operation. 

Rf Adaptors 
Through the Years 

While almost every other 
piece of electronic equip¬ 
ment has grown more com¬ 
plex through the years, rf 
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adaptors for oscilloscopes 
have grown simpler. I have 
built most of the designs, 
discarding them as a more 
compact arrangement be¬ 
came available. My present 
unit fits in a 2"X2"x4” 
aluminum box mounted on 
the back of my scope, with 
only one switch to manipu¬ 
late. The photo shows how 
compact the adaptor can 
be. We may never reach the 
ultimate miniaturization in 
anything, but if another 
adaptor design comes 
along, I will hesitate before 
replacing the present unit. 

Most early designs used 
tuned circuits, one for 
each band. Fig. 4 shows the 
general design which was 
fairly standard for about a 
decade. There were two 
separate boxes: a pick-up 
unit and a tuning unit. The 
pick-up box contained a 
one-turn coil running be¬ 
tween the input and out¬ 
put coax connectors, with 
a two-turn link running to 
the tuning unit. The idea 
was to minimize the im¬ 
pedance bump in the trans¬ 
mitter transmission line. 

The tuning unit went 


through stages of evolution 
Initial designs were open 
breadboards. You were ex¬ 
pected to tack-solder a coil 
each time you changed 
bands. Plug-in coils fol¬ 
lowed, but they required 
you to open the shielded 
box which was added to the 
design. In 1970, W1KLK 
mounted all the coils on a 
rotary switch (QST, October, 
1970, p. 36). He also used the 
smallest diameter coils I had 
seen to that time, ranging 
from Vi inch for 10 meters 
to 1 'A inches for 80. 

■ The principle of the de¬ 
sign was to generate the nec¬ 
essary deflection voltage 
through the high Q of the 
tuned circuit. The tuning ca¬ 
pacitor, insulated from the 
front panel and the opera¬ 
tor's hand, provided peaking 
when tuned to resonance. If 
the voltage provided too 
much deflection (somewhat 
a rarity with older, less sen¬ 
sitive cathode-ray tubes), 
detuning the circuit at¬ 
tenuated it effectively. 
Despite its size, the unit 
worked very well. 

The same design can be 
significantly miniaturized 
through the use of toroid 
cores for the inductors 
throughout, as shown in Fig. 
5. The schematic diagram is 
essentially the same, al¬ 
though some changes have 
been made in the drawing to 
indicate the mechanical 
changes A short straight 
line with Teflon ,M insulation 
runs between the coax con¬ 
nectors and through a half¬ 
inch core. I have used from 
6 to 20 turns of #28 wire in 
the secondary without dis¬ 
turbing the line impedance 
seriously The tuned circuit 
coils in the aggregate take 
less room than the switch on 
which they are mounted. Al¬ 
though a three-section 
switch is shown, I have also 
used a two-section switch, 
with one side of each coil 
(and the capacitor) to a com¬ 
mon. This did not seriously 
upset the balance of the out¬ 
put The entire unit can be 
mounted in a single box with 
a partition between the 


pick-up and tuning sections. 
Recent Adaptor Designs 

More recently, designers 
have realized that tapping a 
50- or 75-Ohm coax line 
would cause no significant 
problems if the tap imped¬ 
ance was fairly high. This 
has resulted in the use of al¬ 
most direct connections be¬ 
tween the rf line and the 
scope tube. Fig 6 shows a 
generalized idea of the 
scheme The switch controls 
a selection of capacitors ar¬ 
ranged to successively dou¬ 
ble the reactance and lower 
the signal level seen by the 
scope plates. Since the 
scope deflection plates re¬ 
quire a balanced input, the 
ground side is elevated off 
ground. The system is per¬ 
fectly adequate for most 
monitoring purposes, al¬ 
though a better balance is 
easily achieved. 

In 1979, VE7CGK present¬ 
ed an interesting scheme 
(73, June, 1979, p. 110); it is 
shown in Fig. 7. His balun 
used an ordinary 2-inch-di- 
ameter antenna core. The 
swamping resistor across the 
core is non-critical in value, 
and anything with up to a 
three-to-one ratio to the val¬ 
ue given seems to work. It 
evens the frequency re¬ 
sponse by lowering the Q of 
the coil. However different 
his coupling scheme ap¬ 
pears to be from that in Fig 
6, it is electrically identical 
He has used a variable ca¬ 
pacitor (with a series fixed 
capacitor) to replace the 
switch. Like all the units 
shown, his works well, with 
one exception. It is difficult 
to find a variable capacitor 
with a 150-pF top value that 
will go below 10 pF mini¬ 
mum. The 5-pF value in Fig, 
6 is needed when viewing 
kW signals on a sensitive 
scope tube 

The final design that fits 
into the small box shown in 
the photo combines the best 
of these two designs with 
some miniaturization 
thrown in. Fig. 8 shows the 
circuit- The capacitor sec¬ 
tion is standard. The balun is 





ig. 8. The hybrid miniature 
:ope adaptor 


ound on an FT 50-61 core 
nd is designed for about 
200-Ohms impedance at 
5 MHz, or about 54 micro- 
enries per section, Twenty- 
ight turns bifilar, con- 
ected as shown, meet the 
rquirement 

Construction is simplicity 
self As Fig. 9 shows, the 
vit< h is mounted on one 
de of the U-shaped chan- 
el of the box, the output 
icks on the other. A thin 
luminum cover with a hole 
Dr the capacitor lead 
overs the wire between 
onx connectors The re¬ 
taining part of the box 
rounts on the rear of the 
: ope. so the unit is almost a 
lug-in device Leads from 
te adaptor to the scope are 
opt short, partly by careful 
nought beforehand on 
arts arrangement. ( on- 
rut tion can vary according 

•mis of your scope The on- 
/ rules to follow are the 
sual ones about short leads 
:>r rf 

The response of this adap- 
nr is smooth across the ham 
ands from HO to 10 meters, 
/ith no significant cliffer- 
nce in the deflection ot 
qua I power signals among 
ands. Nor are there any pe- 
uliar peaks or other odd 
ciirks. In short, the adaptor 

ut effectively Position 2 
n the switch is used for the 
ormal 100-Watt output 
rom the rig and yields over 
n inch ot deflection. Posi- 
on 1 permits viewing ot 
rut h lower power signals 
he output from my SB-200 
induces about an inch and 
half ot deflec tion in posi- 
lon 4. thus confirming that 



Interior view of the adaptor shown in Fig. 8. The metal 
shield near the top covers the through line from transmitter 
to antenna, while the switch holds the capacitor-divider. 
The broadband transiormer balun is mounted between the 
output jacks at the lower right. The small perlboard holds 
an envelope detector lor synchronizing the scope's sweep. 


the capacitor choice is ade¬ 
quate for the most common 
range of ham signals The 
scope which the adaptor 
feeds, incidentally, is an 
l:ico 4TO. 



Using the Adaptor 

Synchronizing the moni¬ 
tored signal to the scope 
sweep is desirable but not 
essential to the observation 
process. It is useful and pos- 




Fig. 10. A simple envelope detector for linearity checks and 
sync, la) Envelope detector, lb) Scope sync systems. 





Fig. 9. Physical layout of the 
hybrid scope adaptor. 

sible with CW dots or dashes 
sent at a constant rate (easi¬ 
ly done with an electronic 
keyer) and with two-tone 
tests on SSB. For the usual 
Christmas-tree pattern seen 
in casual monitoring of SSB 
or for AM trapezoidal pat¬ 
terns, sync is useless 
Nonetheless, the technique 
for deriving a sync voltage is 
simple in principle and 
deserves mention 

Fig. 10(a) shows a simple 
AM detector typical of 
those found in rf probes 
With the isolating resistor, 
its output is very low, too 
low to drive the external 
sync connections on many 
scopes The problem be¬ 
comes clear in Fig 10(b), 
block diagrams of two types 
of sync inputs. In one case, 
external sync is amplified 
before going to the sync lim¬ 
iter, In the other, sync volt¬ 
age goes directly to the lim¬ 
iter. A small external sync 
voltage cannot drive the 
second circuit without fur¬ 
ther amplification. For two- 
tone testing SSB signals, an 
audio amplifier works well, 
but for CW, a dc amplifier is 
better. If your scope has a 
stable sweep oscillator, this 
additional circuitry adds lit¬ 
tle to the effectiveness of 
monitoring, but it does cre¬ 
ate a need for feeding power 
to the adaptor which is 
otherwise a passive device 
For standard linearity pat 
terns, of course, a pair of de¬ 
tectors is needed, but since 
the regular horizontal and 
vertical inputs of the scope 
are used for the test, no 
power source is needed 
Using the monitor is an 
easy process Connected as 
shown early in the article, 
the adapted scope will dis 
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Parts List 

Radio Shack and other sources 


1 Single-pole, 5-position rotary 
switch 

1 FT 50-61 ferrite toroidal core 
#28 enamel wire (28 bifilar 
turns on core) 

2 SO-238 coax sockets 
2 phono sockets 

1 1.5k-Ohm, Vj-Watt resistor 
1 40-pF silver mica capacitor 


1 20-pF silver mica capacitor 
1 10-pF silver mica capacitor 
1 5-pF silver mica capacitor 
1 2.5-pF (or two 5-pF in series) 
silver mica capacitor 


1 2 1 /4*x2V»'x 4' aluminum 
utility box 

Total cost: $10, If all parts 
parts. 

play CW waveforms, plus 
two-tone and Christmas- 
tree SSB patterns. No better 
observation of CW make- 
and-break patterns has been 
invented, and the results of 
adjustments to component 
values become immediately 


Amidon and other sources 


Radio Shack and other sources 
Radio Shack and other sources 
Radio Shack and other sources 
Available from mail-order 
sources such as Semiconduc¬ 
tor Surplus 


Note: disc ceramic capacitors 
with 350-volt or higher ratings 
will substitute for the silver 
micas 

Radio Shack and other sources 


apparent. With respect to 
observation of SSB. the sim¬ 
ple adaptor technique might 
be considered somewhat ar¬ 
chaic. A spectrum analyzer 
will in fact provide more 
sensitive indications of in¬ 
correct linear-amplifier ad¬ 


justment. However, a spec¬ 
trum analyzer is an expen¬ 
sive piece of equipment 

The two-tone test pro¬ 
vides good indications of 
improper amplifier adjust¬ 
ment if the operator takes 
the time to become person¬ 
ally familiar with and sensi¬ 
tive to the meaning of the 
curves. Handbooks of a few 
years back provide ample 
drawings of various condi¬ 
tions of operation and their 
meaning. 

Some recent materials on 
the subject have bent over 
backward to discredit our 
ability to read two-tone en¬ 
velope patterns effectively. 
This is true only if we do not 
thoroughly learn the pecu¬ 
liarities of our equipment 
The idiosyncrasies of each 
amplifier and each scope re¬ 
quire that we make exten¬ 
sive on-the-air and dummy¬ 
load tests to discover at 
what point slight flattening 
of the pattern top, or slight 
curvature to the pattern 


sides, means distortion of 
our voices or adjustments of 
the drive or loading which 
are out of spec We may not 

be able to match laboratory 
results, but we can keep our 
rigs well within FCC regula¬ 
tory requirements and well 
within what courtesy to 
other operators dictates. 

Despite the fact that rf 
adaptors for old audio 
scopes have been supplant¬ 
ed by more sensitive meth¬ 
ods of monitoring, it will be 
a long time before we can 
all afford up-to-date test 
equipment. In the interim, a 
small investment (maybe 
$30 to $50 for a used scope 
and $5 for the monitor) can 
go a long way toward help¬ 
ing us put out cleaner sig¬ 
nals The tiny monitor box 
shown here (which might 
even fit inside some of the 
large old scope cases) 
makes the process of moni¬ 
toring one step easier. I only 
wonder how small the next 
monitor design will be ■ 


new; under $5 with surplus and/or used 



★ TECHNICAL FORUMS 

★ ARRLAND FCCFORUMS 

★ GIANT 3-DAY FLEA MARKET 

Starting Noon Friday 
All Day Saturday and Sunday 

★ NEW PRODUCTS AND EXHIBITS 

★ GRAND BANQUET 

★ ALTERNATIVE ACTIVITIES 

★ ELECTRICAL SAFETY FORUM 

★ SPECIAL GROUP MEETINGS 

★ YLFORUM 

★ PERSONAL COMPUTER FORUM 

★ CW PROFICIENCY AWARDS 

★ AMATEUR OF YEAR AWARD 

★ SPECIAL ACHIEVEMENT AWARDS 


N 

ADMISSION 

$7.50 in advance. $10 at door. 

(Valid for all 3 days) 

banquet 

$14 in advance, $16 at door. 

FLEA MARKET SPACE 

$15 in advance. 

(Valid for all 3 days) 


Checks for advance registration to 

Dayton HAMVENTION 
Box 2205, Dayton. OH 45401 




April 27,28,29,1984 

Hara Arena and Exhibition Center — Dayton, Ohio 


Meet your amateur radio friends from all over the world at the internationally 
famous Dayton HAMVENTION. 

Seating will be limited for Grand Banquet and Entertainment on Saturday 
evening so please make reservations early. Harry Dannals, W2HD. Past Presi¬ 
dent ARRL. will be featured speaker. 

If you have registered within the last 3 years you will receive a brochure in 
January. If not. write Box 44, Dayton, OH 45401. 

Nominations are requested for Radio Amateur of the Year and Special Achieve¬ 
ment Awards. Nomination forms are available from Awards Chairman. Box 44. 
Dayton. OH 45401. 

For special motel rates and reservations write to Hamvention Housing, Box 
1288, Dayton. OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY 
TELEPHONE. 

All other inquiries write Box 44, Dayton. OH 45401 or phone (513) 433-7720. 
ALL Flea Market spaces will be sold in advance ONLY. NO spaces sold at gate. 
Entrance for set-up available starting Wednesday. Special Flea Market tele¬ 
phone (513) 223-0923. 

Bring your family and enjoy a great weekend in Dayton. 

_Sponsored by the Dayton Amateur Radio Association. Inc.^/ 
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5440 South 8th Road 
Arlington VA 22204 


Digital Design: 

How to Interface ICs 

Connect ICs to the outside world with these hints 
from the author of "Digital Basics." 


T he reader response to 
my three-part series ti¬ 
tled "Digital Basics" (73, 
September through Novem¬ 
ber, 1982) was overwhelm¬ 
ing even to an old tech-writ¬ 
ing hack like myself. In addi¬ 
tion to receiving more than 
a dozen positive letters (and 
no negative ones), I received 
a consulting offer; writing 
for 73 surely pays! 

One theme which popped 
up in about one-third of the 
letters was digital interfac¬ 
ing. Readers wanted to know 
how to interface various dig¬ 
ital 1C logic families with 
each other and with the 
"outside world." In this ex¬ 
tension of the original series, 
we will discuss interfacing 



Fig 1(a). T7L totem-pole out¬ 
put 



output 
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techniques and how they 
can be applied in practical 
situations. 

Logic Family Outputs 
and Inputs 

Most readers will be using 
either the transistor-transis¬ 
tor-logic (TTL) or comple- 
mentary-metal-oxide-semi- 
conductor (CMOS) and re¬ 
lated MOS families. These 
will be the devices discussed 
in this article. 

Before we can become 
too deeply involved in any 
discussion on interfacing, 
we must become familiar 
with just what is being inter¬ 
faced. For digital electron¬ 
ics, this means a review of 
the input and output circuits 
of the devices, since these 
are what will be connected 
together. 

The TTL logic family op¬ 
erates from a single-polarity 
dc power supply of + 5 volts 
dc and ground. This supply 
must be regulated to keep 
the voltage within a narrow 
range—4.75 to 5.2 volts. 


Some texts permit slightly 
broader limits, but practical 
experience indicates that 
voltages lower than +4.75 
volts cause erratic opera¬ 
tion, especially of complex 
function devices, while po¬ 
tentials over about +5.2 
volts lead to premature fail¬ 
ure of large numbers of 
chips. I personally prefer to 
keep the potential within 
the even narrower range of 
+ 4.9 to +5.05 volts dc 

The TTL output stage is a 
current sink to ground, while 
the TTL input is a current 
source. Figs. 1(a) and 1(b) 
show two popular forms of 
TTL output, while Fig. 1(c) 
shows a typical TTL input 
circuit. The high and low 
logic levels in TTL are speci¬ 
fied in terms of the voltages 
that satisfy the input re¬ 
quirements. 

The high level will be any¬ 
thing between +2.4 volts 
and + 5.0 volts. In most TTL 
devices, the output will pro¬ 
duce a potential greater 
than + 2.4 volts for high, but 


considerably lower than + 5 
volts; potentials in the 30- 
to-4.0-volt range are most 
frequently found. The low 
condition is defined as any 
potential between 0.0 volts 
and 0.8 volts, i e„ 800 milli¬ 
volts. The region between 
0.8 volts and +2.4 volts is 
undefined and is therefore 
to be avoided. One problem 
seen in some interfacing sit¬ 
uations is the creation of a 
circuit that will not bring the 
outputs to within the de¬ 
fined high and low limits, 
thereby creating an unpre¬ 
dictable situation. 

One advantage of using 
1C logic elements is that we 
are free to avoid the prob¬ 
lems of impedance matching 
(and other related head¬ 
aches) when connecting the 
devices together in cascade 
We can use the concepts of 
fan-in and fan-out The term 
fan-in defines the load pre¬ 
sented by any device in 
terms of standard TTL input 
loads. Since the TTL input is 
little more than a 1 6-mil- 
liampere current source, we 
define a fan-in of 1 as a cur¬ 
rent source of 1.6 mA, at 
standard TTL logic voltage 
levels. The fan-out is the 
drive capacity of a logic de¬ 
vice defined in terms of the 
number of standard 1.6-mA 
TTL loads that the output 
will drive. In most devices, 
the fan-out is ten, so the 
device will successfully 
drive up to ten standard TTL 
loads. (In other words, it has 



Fig 1(c) TTL inputs. 






a 16-mA output current sink 
capacity.) Some special de¬ 
vices called buffers or line 
drivers typically will have 
fan-outs of thirty, but up to 
one hundred are known. 

Most TTL devices have 
an output circuit such as 
the one shown in Fig. 1(a). 
The output circuit is a 
totem-pole power amplifier 
consisting of two NPN tran¬ 
sistors. A blocking diode 
prevents current flow from 
the output terminal through 
Q1 to the + 5-volt power- 
supply line. When the out¬ 
put is low, transistor Q1 is 
turned off and Q2 is turned 
on. This places the output 
line at or near zero volts. 
The actual potential will be 
the Vce(sat) rating of Q2, 
which may be as much as 
0.8 volts. In the opposite 
condition, when the output 
is high, the opposite occurs: 
Transistor Q1 is turned on 
and R2 is turned off. This 
places a potential on the 
output line that is the 
+ 5-volt power-supply volt¬ 
age less the Vce(sat) rating 
of Q1 and the junction drop 
of the series diode (normally 
0.6 to 0.7 volts). 

An alternate form of TTL 
output is the open-collector 
circuit of Fig. 1(b). The open- 
collector device is used to 
drive external devices and is 
a prime tool in interfacing 
with other logic families as 
well as with the "outside 
world." Transistor Q1 will be 
connected to the V + (which 
is not always + 5 volts, even 
though the package power- 
supply voltage must be +5 
volts dc) through a pull-up 
resistor or another form of 
load. Normally, if a simple 
pull-up resistor is used for 
the load, we will need 2000 
to 3000 Ohms for + 5-volt 
power supplies, and propor¬ 
tionally higher for higher po¬ 
tentials. TTL devices with 
open-collector outputs in¬ 
clude the following hex in¬ 
verters: 7405 ( +5-volt sup¬ 
ply only), 7406 (to + 30 volts 
at up to 30 mA), 7416 (to 
+ 15 volts at up to 40 mA), 
and the following hex non¬ 
inverting buffers: 7407 (30 



Fig. 1(d). CMOS inverter, showing inputs and outputs. 


volts, 30 mA) and 7417 (15 
volts, 40 mA). These devices 
are of prime concern for our 
interfacing chores. Note 
that certain other TTL de¬ 
vices also have open-collec¬ 
tor outputs. 

An example of a TTL in¬ 
put circuit is shown in Fig. 
1(c). The device shown here 
is a two-input circuit as is 
found in each section of a 
device such as the 7400 two- 
input NAND gate. Each in¬ 
put will source up to 1.6 mA 
of current. 

A CMOS inverter circuit 
is shown in Fig. 1(d). The 
typical CMOS device will 
have a pair of complemen¬ 
tary MOSFET transistors con¬ 
nected in series with the out¬ 
put taken at the junction be¬ 
tween the two. Transistor 
Q1 is a p-channel MOSFET, 
while Q2 is an n-channel 
MOSFET. These devices 
have opposite properties 
such that Q1 will be turned 
off (high-resistance channel) 
by a high applied to the in¬ 
put, while Q2 is turned on by 
a high on the input. Thus, for 
each different binary logic 
level, we will always have a 
series circuit consisting of a 
high resistance and a low 
(approximately 200 Ohms) 
resistance. For output-low 
conditions, there will be a 
high resistance to V+ (Q1 
off) and a low resistance to 
V —(Q2 on). For the output- 
high condition, exactly the 
opposite occurs: there is a 
low resistance to V+ (Q1 
on) and high resistance to 
V- (Q2 off). 

Thus, we will see the 
CMOS output sink current 
on low and source current 
on high. Although this fact is 
not needed when interfac¬ 
ing CMOS-to-CMOS, it is 
useful for other interfacing 
chores. 

The CMOS input is essen¬ 
tially an open circuit. CMOS 
devices operate using elec¬ 
trostatic fields derived in the 
channel from potentials ap¬ 
plied to the gate terminal. 
This terminal is insulated by 
a thin metal-oxide layer and 
thus represents an immense¬ 
ly large resistance. Various 


authorities quote not less 
than 1 megohm, with some 
going to 10' 2 Ohms. Thus, 
many CMOS devices can be 
driven from the same output 
with regard for current- 
driven capability. There 
may, however, be capaci¬ 
tance limitations, especially 
where a rapid rise time must 
be maintained. 

Interfacing Between 
Logic Families 

Fig. 2 illustrates some of 
the circuit situations re¬ 
quired to interface between 
CMOS and TTL devices. Or¬ 
dinarily, a single low-power 
(74L) or low-power Schottky 
(74LS) TTL device can be di¬ 
rectly driven from a CMOS 
output, provided that the 
CMOS device is operated 
from a + 5-volt power sup¬ 
ply and ground. Normally, 
CMOS devices can operate 
with ±V of ±4.5 to ±15 
volts dc; furthermore, these 
supplies need not be equal. 
We could, for example, oper¬ 
ate from V+ = 5 volts, and 
V— =0 volts (grounded). It is 
only this latter situation that 
will accommodate Fig. 2(a). 
Here the CMOS device will 
directly drive the 74L or 
74LS TTL device. These TTL 
devices operate from lower 
current levels than does reg¬ 
ular TTL. 

Two specific CMOS de- 



Fig. 2(a). CMOS-to-74L or 
-74LS devices. 


Fig. 2(b). 4001/4002 CMOS will 
drive one regular TIL load. 


viceswill directly drive a sin¬ 
gle regular TTL input: the 
4001 quad two-input NOR 
gate and the 4002 dual four- 
input NOR gate. See Fig. 
2(b). Note that the B series 
CMOS (4001B) would prob¬ 
ably drive more than one 
input. 

Fig. 2(c) shows the use of 
the 4049 or 4050 devices, 
These devices are hex in¬ 
verter and hex non-inverting 
buffers, respectively. They 
are specially designed to di¬ 
rectly drive up to two regu¬ 
lar TTL inputs (output cur¬ 
rent of 3.2 mA ) provided that 
the 4049/4050 package is op¬ 
erated from +5 volts and 
ground, rather than some 
otherV + /V— combination. 

In Fig. 2(d) we see that a 
TTL output will drive a 
CMOS input (actually, sev¬ 
eral can be accommodated) 
provided that there is a cur¬ 
rent source. Recall that the 
TTL output wants to see a 
1.6-mA to 16-mA current 
source for its load, while the 
CMOS input is an extremely 
high impedance. In order to 
keep the TTL device operat¬ 
ing properly, we must pro- 



Fig. 2(c). 4049 and4050 CMOS 
devices will drive up to two 
regular TIL loads. 


Fig. 2(d). TTL-to-CMOS(operat¬ 
ed from +5 volt supply). 
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Fig. 2(e). TTL-toCMOS (operat¬ 
ed from V+ greater than +5 
volts, and V— =0 volts). 



Fig. 2(f). TTL-toCMOS (operat¬ 
ed from ± V supplies) 


vide a 2 to 3k-Ohm pull-up 
resistor between the TTL 
output and + 5 volts dc. We 
must limit this method to 
those cases where the TTL 
voltage levels are compati¬ 
ble with the CMOS. If the 
CMOS device is operated 
from + 5 volts and ground, 
then there is no problem. 

Recall from the previous 
series on digital basics that 
the CMOS device output 
will go through a high/low or 
low/high transition when the 
input voltage is midway be¬ 
tween the V + and V- volt¬ 
ages. If, for example, the 
supplies are +5 volts and 
ground, then the transition 
occurs close to +2.5 volts. 
But, if the supplies are ±12 
volts (or any other legal po¬ 
tential), then the transition 
occurs near zero Similarly, 
if the potentials are V+ =12 
volts and V— =6 volts, then 
the transition point is 
’/ 3 [( + 12)-(-6)]=’/2( + 18) 
or +9 volts. If this method 
were used in the latter case, 
the input of the CMOS de¬ 
vice would jump back and 
forth between two "legal" 
low potentials, so the output 



Fig. 3(a) CMOS light on-out- 
put-low LED interfacing. 

would never toggle. In Fig. 
2(e) we show you how to 
deal with that problem. 

For those cases where the 
CMOS device operates from 
power-supply potentials 
other than +5 volts and 
ground, we will need a cir¬ 
cuit such as the one in Fig. 
2(e). Here we will use one of 
the "high-voltage" hex in¬ 
verter 1C devices discussed 
at the beginning of this arti¬ 
cle: 7406, 7407, 7416, and 
7417 are candidates; 7405 
can operate only from +5 
volts, so it is ruled out. Note 
that the package power-sup¬ 
ply voltage for these TTL de¬ 
vices must remain at +5 
volts only, but the voltage 
applied to the open-col¬ 
lector output transistor via 
the pull-up resistor can be 
up to the CMOS V + limit of 
+ 15 volts dc. A lOk-Ohm 
pull-up resistor will suffice. 

Fig. 2(f) shows how to in¬ 
terface the TTL device with 
CMOS devices that are op¬ 
erated from bipolar power 
supplies instead of V- = 0. 
In this circuit, we use a 
MOSFET transistor (or one 
section of the CMOS 4007 
device) in between the two 
logic devices. Resistor R1 
provides a current source 
for the TTL output, while R2 
limits the MOSFET current 
to a safe value and develops 
the potential applied to the 
CMOS input V + and V- 
must be nearly equal. 

Finally, in Fig. 2(g) we see 
a circuit that has a certain 
universality. In most cases, 



Fig 3(b) CMOS Ught-on-out- 
put-high interfacing 


the function of this circuit 
will be to interface TTL to 
certain other higher-voltage 
logic families (such as 
CMOS operated from sup¬ 
plies over +5 volts, HNIL, 
HTL, etc.) In the majority of 
such instances, you will use 
a 7406, 7407, 7416, or 7417 
device in place of transistor 
Q1, but this circuit may 
prove useful in some sit¬ 
uations. 

For example, in an ex¬ 
isting device, there may be 
too little room to add an 1C, 
but plenty of room to 
kludge on a 2N2222 or simi¬ 
lar transistor. This situation 
turned up one time when I 
worked for a medical school 
electronics laboratory It 
seems that one of the re¬ 
searchers had an elderly fre¬ 
quency/period counter that 
used zero and +12 volts as 
the logic levels, yet she 
wanted to interface this 
counter to a modern instru¬ 
ment that provided TTL out¬ 
put levels. The solution was 
to kludge R1-R3 and Q1 on¬ 
to the PC board inside of the 
older instrument, and create 
a new input. 

Register R1 is used, regard¬ 
less of whether open-col- 
lector logic is used, and 
serves to provide a current 
for the TTL output to sink 
When the TTL output is low, 
point A in Fig. 2(g) will be at 
zero potential, so the base 
of Q1 is turned off. Under 
this condition, the output is 
high (inverted). Similarly, 
when the output of the TTL 
device is high, the potential 
at point A is 3 to 4 volts, so it 
can bias the base of Q1 on. 
Under this condition, the 
transistor is saturated and 
will produce a low output. 
This method is useful so 
long as an inverted output is 
sufficient Otherwise, cas¬ 
cade two similar stages. I 



Fig 3(c) TTL open-collector 
LED interfacing (circuit will 
also drive very-low-current 
lamps) 


suspect, however, that any 
situation where cascading 
twoQI stages is feasible will 
also permit the kludge of a 
14-pin DIP, thereby making 
the use of the hex inverter 
the preferred method. 

Interfacing Lamps and LEDs 

Incandescent lamps and 
light-emitting diodes (LEDs) 
are often used in digital in¬ 
struments to indicate logic 
status or to signal some 
event like the completion of 
a process, etc. The B series 
CMOS devices can often be 
interfaced directly with 
light-emitting diodes, pro¬ 
vided that no more than 
about 15 mA of current will 
light the LED to an accept¬ 
able brightness (the usual 
case). The A series devices 
are not able to do this neat 
trick because they have as 
little as one-third the current 
sinking/sourcing capability 
of the B series devices. 

Figs. 3(a) and (b) show the 
use of direct interfacing be¬ 
tween a B series CMOS de¬ 
vice and the low-current 
LED. The circuit in Fig. 3(a) 
uses the LED as a pull-up be¬ 
tween the CMOS output 
and the positive power sup¬ 
ply and will cause the LED 
to light on any output-low 
condition. The CMOS out¬ 
put in this case operates as a 
current source to ground. In 
Fig. 3(b), the LED is con¬ 
nected between the CMOS 
output and ground and will 
light only on output-high 
conditions. In this case, the 
CMOS output is used as a 
current source. 

Fig. 3(c) shows the use of 
an open-collector TTL de¬ 
vice to drive the LED. If V + 



Fig. 2(g) Universal TTL to other logic devices. 
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Fig. 4. Driving large loads using Darlington-pair transistors. 


Fig. 3(d). Incandescent lamp in¬ 
terfacing with PNP transistor. 



Fig 3(e) Incandescent lamp in¬ 
terfacing w/tfj NPN transistor. 


is +5 volts, then the 7405 
device may be used. The 
7406, 7407, 7416, and 7417 
devices may also be 
used at +5 volts or any 
potential up to the rated 
potential for the specific 
device (+15 or +30, de¬ 
pending upon type). Resistor 
R1 is used to limit the cur¬ 
rent through the LED and 
the TTL output to a safe 
value, usually 15 mA The 
value of R1 is given by 
Ohm's law: R1 =(V + )/l LED 
or V + /0.015 if the 15-mA 
figure is acceptable. In this 
circuit, the TTL device 
operates as a current sink 
for the LED and will light on 
output-low. 

Incandescent lamps typi¬ 
cally draw a lot more cur¬ 
rent than LEDs. Some small 
current lamps ("grain-of- 
wheat" lamps) will operate 
directly from the 7417 TTL 
device, but most require too 
much current for safe opera¬ 
tion directly from TTL. We 
can, however, use the TTL 
(or CMOS) device to drive a 
transistor switch that will, in 
turn, operate the lamp or 
other load. This situation is 
depicted in Figs. 3(d) and 
3(e) In Fig. 3(d) we see the 
use of a PNP transistor to 
turn on the load. When the 
base of Q1 is made low, 
then the base-emitter poten¬ 
tial is proper to turn on tran¬ 
sistor Q1; current will flow 
in the c-e path to the load. If, 
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however, the logic output is 
high, then the base-emitter 
voltage is nearly zero, so the 
transistor is cut off. 

Fig. 3(e) shows the use of 
an NPN transistor for Q1 
While the lamp in Fig. 3(d) 
will turn on for output-low, 
the circuit shown in Fig. 3(e) 
turns on for output-high. 
Again, either TTL or CMOS 
devices can be used, within 
certain limitations. One limi¬ 
tation applied to TTL de¬ 
vices is that a pull-up resis¬ 
tor (R1) be provided so that 
the TTL output sees a cur¬ 
rent source. For CMOS de¬ 
vices, we must use a transis¬ 
tor that has a high enough 
beta gain that it will saturate 
with the current available 
from the CMOS output. Re¬ 
sistor R2 is used to limit the 
current applied to the base 
of Q1. When the 1C output is 
high, then a current flows in 
R2 that will turn on the tran¬ 
sistor Under that condition 
Q1 is saturated, so its collec¬ 
tor will be at or near ground 
potential. This condition 
makes the load see a current 
flow, so if it is a lamp then it 
will light up. 

Large loads, i.e., those of 
high current but limited 
voltage, can be accommo¬ 
dated with the circuit of Fig. 
4. Here we extend Fig. 3(e) to 
account for the higher cur¬ 
rents of the load. There are 
two transistors used in this 
circuit. In most cases, we 
will use a "driver" transistor 
such as the 2N3053 for Q1 
and a "power" transistor 
such as the 2N3055 for Q2. 
Note that some semicon¬ 
ductor manufacturers offer 
TO-3 packages containing 
both Q1 and Q2 and term 


the combination "Darling¬ 
ton" transistors after the 
fact that the circuit in which 
these transistors are con¬ 
nected is called a "Darling¬ 
ton amplifier" or "Darling¬ 
ton pair." 

The advantage of this cir¬ 
cuit is the amplification of 
beta (Hf e ) that occurs. The 
total beta is the product of 
the individual beta ratings, 
or: Hf e(to tal) = Hf e (QD 
x Hfe(Q2). If you recall your 
basic transistor theory, the 
beta is defined as the collec¬ 
tor current divided by the 
base current, or IJIb- For ex¬ 
ample, if the beta of Q1 is 80 
and the beta of Q2 is 50, 
then the total beta is (80X50) 
or 4,000. The implication of 
this is that the drive current 
need only be 1/4000 of the 
load current! Let's assume 
that there will be approx¬ 
imately 1.2 mA available to 
drive the Darlington pair 
when the TTL output is high. 
With a beta of 4000, the 
load current will be more 
than 4 Amperes! Of course, 
a transistor must be selected 
for Q2 that will "hack" the 
current of the load. 

The diode shown in paral¬ 
lel with the load is advisable 
for all creative (capacitive 
or inductive) loads, and for 
most very high current 
loads. It is especially neces¬ 
sary in inductive-load cir¬ 
cuits, for example, when the 
load is a relay or solenoid 
coil. The problem is the in¬ 
ductive spike produced by 
an inductor energized with 
dc when the circuit is inter¬ 
rupted. Under this circum¬ 
stance, the energy stored in 
the magnetic field around 
the inductor will collapse 


Fig. 5(a) Interfacing open<ol- 
lector TTL to low-current 
relays. 

and the counter-electromo¬ 
tive force generated will be 
opposite the polarity of V + 
and will have a very high val¬ 
ue (kilovolts are possible). 
If you have studied calcu¬ 
lus, then you will see that V 
= L(dl/dt) can reach a very 
high number in the situation 
where the current flow is 
abruptly terminated (dl/dt is 
negative and has a rapid fall 
time). 

The diode is reverse- 
biased most of the time but 
will conduct when the 
CEMF potential is applied 
Since the potential can easi¬ 
ly reach hundreds of volts in 
practical situations, the 
diode must have a piv rating 
of 1000 volts or more. I rec¬ 
ommend 1N4007 for all but 
very heavy inductive loads; 
for heavier cases, use series- 
connected 1N4007 devices 
With each diode shunted by 
a 470k-Ohm-to-1 -megohm, 
Vi-Watt, carbon resistor. 

Fig. 5 shows two situa¬ 
tions where electromechani¬ 
cal relays —those work¬ 
horses of electricity/elec¬ 
tronics left over from the 
19th century but still via¬ 
ble—are interfaced with 
digital 1C devices 

In Fig. 5(a) we see the use 
of an open-collector TTL 
device for directly interfac¬ 
ing with a low-current relay. 
Some manufacturers offer 
low-current (40-mA and 
under) relays, both in regular 
relay packages and in 
packages resembling 1C 
packages (both metal-can 
and DIP packages are 
available) Keep in mind the 
voltage and current limita¬ 
tions of the 7406, 7407,7416, 
and 7417 devices listed at 
the beginning of this article. 

For heavier relays, we will 





Fig 5(b). Interfacing TTL or CMOS to higher-current relays. 

the high voltage transient 
will blow the semiconductor. 

Relays are used for many 
applications. Of course, if 
the current is too high to be 
conveniently handled by the 
semiconductor, then a relay 
is in order. But, today, we 
have numerous high-current 
power transistors and Dar¬ 
lington devices, so this ap- 
Fig. 6. Driving an isolated load, plication is fading. The isola¬ 
tion provided by the relay, 
however, makes it attractive 
use a switching transistor, as whenever the logic device 
in Fig. 5(b). This is merely an must be interfaced with a 
extension of the earlier cir- high-voltage circuit, or the 
cuits. The diode transient ac power lines (115 volts ac). 

suppressors are mandatory, Finally, we see one fur- 
however. If these are not ther method for providing 
used, especially in Fig. 5(a), isolation between a digital 


circuit and some outside- ous side of the ciccuit will 
world load. There are de- send the signal and thus will 
vices called optoisolators be on the LED side 
(Fig. 6) available in which an 
LED and either a phototran- Conclusion 
sistor or a photodiode are The advantages of digital 
placed such that the LED logic are even greater when 

will illuminate the transis- we can interface either be- 

tor/diode (whichever). The tween logic families or to 

pair is housed inside of an the outside world. The tech- 

opaque DIP package that niques in this article allow 

has the same 0.1" X 0.3" pin- us, among other things, to 

outs as the digital 1C devices interface elderly digital 

in the circuit. When the LED equipment obtained on the 

is turned on, i.e., when the surplus market to modern 

logic device output is low, equipment, or to interface 

then the phototransistor essentially non-digital cir- 

base is illuminated, so the cuits (control) that are still 

transistor is turned on. Un- binary in nature to some dig- 

der this condition, the out- ital instrument. For exam- 

put will be a potential close pie, a trivial case would be 

to V +. When the LED is the push-to-talk circuit on a 

extinguished, i.e., when the transmitter. As another ex¬ 
logic output is high, then the ample, the transmitter con- 

phototransistor base is trol circuit on a linear power 

turned off and there will be amplifier could be placed 

no voltage across the load under control of a computer 

resistor. In most cases, the in which the digital inter- 

dangerous isolated circuit facing is between a 3.2 mA 

will be on the transistor side (fan-out = 2) output port 

of the optoisolator. In some terminal and the radio equip- 

cases, however, the danger- ment. Lots of luck.B 
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Emulate an EPROM Elephant 

The portable RAM-faker never forgets. 

Well , hardly ever. . . 


M embers of the 2716 
family of erasable, 
programmable, read-only 
memories (EPROMs) are ex¬ 
tolled as the hobbyist's 
friends because of their ease 
of programming, either with 
a simple manual program¬ 
mer or by microcomputer 
control. However, in the lit¬ 
erature also appears a re¬ 
curring theme of inconve¬ 
nience. For example, you 


could spend four or five 
hours toggling in data with a 
manual programmer only to 
make a mistake in bit 
16,383. What is the fix? E rase 
al 116,384 bits of the E PROM 
and begin again. Totally un¬ 
acceptable! Even repeating 
20 minutes of data input 
with a hexadecimal key¬ 
board is too much! 

Or maybe instead you 
eventually want a program 



The EPROM Emulator mounted on the Kilobaud Klassroom 
S BC-2 computer. Here, you see three extra DIP sockets 
under the HM 6116 instead of the described two because I 
have mounted the RAM on a carrier so that repeated inser¬ 
tions will not hurt the RAM pins. I then can use the memory 
without the Emulator circuit most of the time. 
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in an EPROM but you want 
to try the program first 
before it is burned for 
posterity. The "EPROM 
Emulator," a RAM that 
pretends it is an EPROM, 
can help you. 

The HM 6116 static RAM 
is almost pinout-compatible 
with the 2716 EPROM 
Where the HM 6116 puts the 
WE on pin 21, the 2716 has 
Vcc pulling pin 21 high. All 
other pins are identical. This 
first suggests that empty 
EPROM sockets could be 
filled with 2K bytes of RAM 
to extend a small comput¬ 
er's memory. From here the 
CMOS construction makes 
the idea of battery backup 
of RAM data practical. Then 
the next logical step is to 
build a small package con¬ 
taining RAM with battery 


backup which can be pro¬ 
grammed at full computer 
speed, data modified at will, 
but which can be removed 
from its socket without los¬ 
ing its data, placed in 
another socket in the same 
or any other computer wired 
for 2716 E PROMs, and used 
as an E PROM. Once the pro¬ 
gram is debugged and run¬ 
ning satisfactorily in the 
Emulator, it can easily be 
copied into a 2716 for a per¬ 
manent record. 

A few simple modifica¬ 
tions are made to the basic 
RAM circuit to make it emu¬ 
late the EPROM. The Vcc 
must be applied through 
steering diodes so that the 
memory will see only one 
supply source at a time. 
Output enable (pin 20) is 
made continually low by at- 


Parts List 

1 Switch, DPDT, Radio Shack 275-626 ($2.69) 

2 Diodes, 1N914, Radio Shack 276-1620 (50 (or $2.99) 

1 Resistor, 100k Ohms, ’/• Watt (5 for $.49) 

2 24-pin DIP sockets, Radio Shack 276-1989 ($1.69 each) 

1 HM 6116 CMOS static RAM ($16.50 Quest; $14.95 James) 

2 Batteries, VA volt 



....... 



Fig. 1. Low Vcc data-retention waveform. 



Fig. 2. The Emulator schematic. PC board is not to scale. Let¬ 
ters after pin numbers are B for bottom socket, T for top 
socket. 


taching it directly to pin 12 
and disconnecting it from 
computer pin 20. The low 
Vcc data-retention mode 
needs the chip select held at 
Vcc to retain the data. This 
is achieved with a pull-up 
resistor connected to mem¬ 
ory pin 24 and a switch to 
disconnect the £5 from ex¬ 
ternal circuitry when in the 
data-retention mode To 
enable the computer to 
write to memory, pin 21 is 
disconnected from the com¬ 
puter and brought out to a 
clip lead so that pin 21 can 
be connected to the com¬ 
puter WE line instead 
of being forced to Vcc in the 
2716 socket. When used as a 
2716, the WE line is 
attached to Vcc so that ac¬ 
cidental and catastrophic 
writes do not occur. 

These connections can be 
made using a small PC 
board to hold the com¬ 
ponents and using wire-wrap 
wire to make connections. I 
use masking tape as a PC 
board etch resist and cut 
away the tape where copper 
is to be removed. This is 
quite satisfactory for simple 
circuits such as this. The 
board then is epoxied be¬ 
tween the pins of the bot¬ 
tom DIP socket and makes a 
secure foundation for the 
rest of the circuit. The com¬ 
ponents are attached to the 
copper side of the board fac¬ 
ing up Some miniaturiza¬ 
tion enthusiast could even 
find a way to store watch 
batteries in the case to make 
a one-box unit, although I 
am using an external battery 
pack. 

To use the Emulator, I in¬ 
sert it into a 2716 EPROM 
socket with the switch set to 
battery supply (It must 
never be inserted into the 
computer with the com¬ 


puter supply off if the switch 
is in the computer-supply 
position. The result would 
be a quickly-discharged bat¬ 
tery.) The computer is then 
turned on and the Emulator 
switched to computer 
power. It can then be used 
either as RAM or R OM 
depending on the WE con¬ 
nection. 

Construction 

The EPROM Emulator is 
built on two 24-pin DIP 
sockets and a small PC 
board. This serves as the 
support for the HM 6116 
RAM package. 

1) Pin 20 of the bottom 
socket is removed. 

2) Pin 20 ((5E) of the top 
socket is connected with a 
piece of wire to pin 12, the 
common pin. 

3) Pin 18 (£5) of the top 
socket is bent in so that no 
contact is made with the 
bottom socket. It is con¬ 
nected through a resistor to 
pin 24 of the top socket and 
through half of the DPST 
switch to pin 18 of the bot¬ 
tom socket, 

4) Pin 21 of the bottom 
socket is removed. 

5) Pin 21 of the top socket is 
connected to the computer 
WE line with a flexible wire 
and clip. 

6) Pin 24 of the top socket is 
bent in and made to contact 
the PC board land to which 
the diode cathodes are con¬ 
nected. 

7) Pin 24 of the bottom 
socket is connected to the 
anode of diode D1 to pro¬ 
vide computer Vcc. 

8) The second half of the 
DPST switch is connected 
across diode D1. 

With the switches closed, 
the computer Vcc powers 
the memory and allows the 
computer to select the 


RAM for either a write or 
read. With the switch open, 
the battery backup can 
power the memory and 


forces £5 to be at Vcc back¬ 
up, putting the chip into its 
low Vcc data-retention 
mode.B 


coaxial R. F. 
antenna switches 



■mKmmmmmmmmmmm? 

Heavy Duty switch for true 

1 Kw POWER - 2 Kw P.EP. 

Single Pole, 3 Position 
Desk or wall mount 
All unused positions grounded 

# 593 - UHF connectors / $27.25' 

# 596 - BNC connectors / $36.50 ' 

2 Pole, 2 Position, bypasses 
linears, reflectometers, antenna 
tuners, etc 

#594 - UHF connectors / $34.25' 

Single Pole, 5 Position, all unused 
positions grounded. 

#595 - UHF connectors / $32.00 * 
#597 - KMC connectors / $46.50* 


ALL OUR PRODUCTS MADE IN USA 


Quality Communication Products Since 1932 

At your Distributors write or call 

10 Canal Sheet, Bristol PA 19007 Wmm 

(215) 755-5551 
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Crystal Microwave 

"Easedropping" on this part of the spectrum is up to you. 
Here's a simple way to start 


I nterest in the microwave 
spectrum has increased 
rapidly since the introduc¬ 
tion of the "Gunnplexer" 
by Microwave Associates. 
Many amateurs, though, 
have expressed interest in 
finding a more economical 
way to get started. What I 
hope to accomplish with 


this article is to show how 
to get involved in micro- 
waves with a minimum in¬ 
vestment of time and 
money. 

The microwave spectrum 
is populated with myriads 
of signals, ranging from 
telephone relays to televi¬ 
sion-studio links to radar to 



Front view of S-band unit showing diode placement. 
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satellite signals. How can 
we detect and monitor 
these signals? The simplest 
way is with a crystal receiv¬ 
er. Don't scoff. I know of 
several production micro- 
wave systems that use crys¬ 
tal detectors or crystal vid¬ 
eo receivers as they are 
called. The common police 
radar detector is a special 
type of crystal video re¬ 
ceiver. 

A crystal receiver can be 
broken down into four 
basic parts: an antenna, a 
tuned circuit, the detector, 
and an amplifier (see Fig. 1). 
The most common tuned 
circuit is not really a tuned 
circuit but a high-pass filter, 
a waveguide- In this mode, 
the antenna and tuned cir¬ 
cuit can be combined. If 
the detector is mounted in 
the waveguide, then the on¬ 
ly external component is 
the amplifier. 

Rectangular waveguide 


will pass all frequencies 
above a cutoff frequency 
(f c ). The cutoff frequency is 
determined by the internal 
width dimension of the 
waveguide. The cutoff fre¬ 
quency occurs when the in¬ 
ternal width is exactly one- 
half wavelength. A simple 
formula for calculating this 
is f c = 15/b, where b = inter¬ 
nal width in centimeters and 
f c = cutoff frequency in 
GHz. For example, the most 
common waveguide for the 
3-cm amateur band (10 GHz) 
has an internal width of 0.9 
inches or 2.29 cm. Hence, 
f c =6.55 GHz. 

If the frequency is raised 
such that the width is now 
one wavelength, the guide 
can support another mode. 
This occurs at f=2f c . So, the 
maximum stable frequency 
range is from f c to 2f c . Well, 
if you consider skin losses 
and other factors, the prac¬ 
tical frequency range is 



Fig 1. Basic elements of a crystal video receiver. 













from 1.25 f c to 1.9 f c . For the 
previous example, the prac¬ 
tical or useful frequency 
range is 8.19 GHz to 12.44 
GHz. This is in good agree¬ 
ment with the published 
range of 8.2 GHz to 12.4 
GHz. Fig. 2 is a graph of the 
upper and lower practical 
frequency range of rectan¬ 
gular waveguides having in¬ 
ternal widths from 2 cm to 
18 cm. 

The graph is not meant 
just to enable you to deter¬ 
mine the frequency range of 
a piece of surplus wave¬ 
guide. It will also enable you 
to decide how wide to make 
a piece to use. Yes, you can 
make your own waveguide 
and do it without a machine 
shop. Waveguide can be 
made from flashing copper, 
brass shim stock, or, my fa¬ 
vorite, printed circuit board. 
To illustrate, I made a crys¬ 
tal video receiver to monitor 
several radars located near 
my home. 

There are three S-band 
search radars within 20 
miles of my home. The term 
S-band refers roughly to any 
frequency between 1.5 GHz 
and 5 GHz. Table 1 is a list¬ 
ing of these informal desig¬ 
nations. Table 2 is a listing of 
some microwave frequency 
ranges of interest. The local 
search radars are grouped 
from 2.7 GHz to 2.9 GHz. 



Fig. 2. Upper and lower fre¬ 
quencies shown for rectan¬ 
gular waveguides. 


Hence, from Fig. 2, the 
waveguide should have an 
internal width between 6.9 
cm and 9.5 cm. I chose 8 cm 
as a compromise. The inter¬ 
nal height should be one 
half or less than the internal 
width. The guide height de¬ 
termines the impedance and 
power-handling capability 
of the guide. The useful fre¬ 
quency range of the 8-cm 
guide is approximately 2.4 
GHz to 3.6 GHz. This range 
just happens to include the 
amateur 2400-MHz and 
3300-MHz bands. Higher fre¬ 
quencies can travel or prop¬ 
agate down the guide, but 
the mode structure would 
be uncertain. I mention this 
because the guide will pass 
X-band signals and you 
should not be surprised to 
hear them. 

For a crystal receiver, I 


Band Designation 


S 

C 

X 

K 

Q 


Freq. Range (GHz) 

2- A 
.4- 1.5 
1.5- 5.0 
4.0- 6.5 
5.0-12.0 
12.0-36.0 
36.0-45.0 
45.0-60.0 


Table 1. Microwave band designations. 


SourceiEmitter 
ILS Glideslope 
TACAN-DME 
Radar Beacons (IFF) 

Air Route Radar 
Airport Radar 
Aircraft Doppler Radar 
Precision Approach Radar 
Marine Radar 


Freq. Range (GHz) 

.3286-.3354 
.96-1.215 
1.03, 1.09 

1.3- 1.35 
2.7-Z9 
8.8 

9.0-9.2 

9.3- 9.5 



Detector/amplifier with X-band head and nearby S- and 
K-band heads. 


prefer to make the guide 1 
to 2 widths long. For the ex¬ 
ample, the guide is 9.5 cm or 
1125 widths long. This 
length was chosen on the 
basis of available pieces of 
circuit board. Since the re¬ 
ceiver will not be used for a 
specific frequency but rath¬ 
er for a band, I mounted the 
BNC connector and de¬ 
tector one-half guidewidth 
from the shorted end. 

Construction is simple 
The circuit board material is 
easily sawed or sheared to 
size. The BNC mounting 
holes and the opposing 
diode hole are drilled next. 
The guide is taped together 
and the seams are soldered 
with a 100-/150-W iron. After 
assembly, the diode is placed 
inside and soldered. No by¬ 
pass capacitor is used. I find 


that normal construction 
techniques are adequate to 
block the microwave energy 
and pass only the modula¬ 
tion. Surplus mixers have a 
very efficient bypass scheme 
and function well as crys¬ 
tal receivers. I use an 
X-band mixer to monitor 
small marine radars in the 
harbor. 

The weak detected signal 
is boosted by the amplifier 
shown in Fig. 3. An LM301 is 
used instead of the more 
common 741 because of the 
lower noise output of the 
LM301. The output of the 
amplifier is further boosted 
by Radio Shack's "Mini Am¬ 
plifier-Speaker." The low 
current drain of the ampli¬ 
fier makes it inviting to ob¬ 
tain its power from the mini 
amplifier, but problems with 



Table 2. Selected emitter frequencies. 
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ALL HF BANDS! 

ft 

* H U 



The SUNKY DIPOLE Antenna 

A broadband, low SWR dipole that really works in apart¬ 
ments, small yards, attics, anywhere a small antenna is a 
must. Indoors or out, you can work ANY HF BAND, in¬ 
cluding 10 MHz. No gimmicks or add-ons. Imagine 
80M in as little as 24 ft.! Complete kit and instructions, 
plus 50 ft. of coax. Easy to set up and adjust More 
information available - just call or write. 


Fig. 3. Schematic of a 50X audio preamplifier. 


Blacksburg Group 

$67.95 postpaid 

mu.SA.| I 

Box 242 Suite 500 

Money Back Guarantee 1 

Blacksburg, Virginia 24060 
703/951-9030 

Virginia residents 
add 4% sales tax 

U| 


motorboating forced me to 
use an independent battery. 
The compact assembly is 
quite portable and accom¬ 
panies me on short outings. 

Waveguides are not the 
only usable form of crystal 
receivers. For narrowband 
signals, a separate antenna, 
tuned circuit or cavity, and 
detector might be better. 


Preamplifiers, if available, 
greatly enhance the overall 
sensitivity. 

Try something simple and 
build one of these. This 
might be the easiest micro- 
wave construction article 
yet. Let me know what you 
build and how it worked, 
and please remember to en¬ 
close an SASEIB 


Introducing The SRT-3000 
A High Performance RTTY 
Communications Send- 
Receive Terminal 


• Built-in demodulator & AFSK modula- 
tor for 170,425,850 Hz shifts, high and 
low tone pairs • 60,66,75,100,132 WPM 

Baudot, 110,300 Baud ASCII, 5-99 WPM SRT-3000 

Morse • 1000 character text buffer with 
BREAK feature • Ten 80 character mes¬ 
sage memories with battery, backup • 

Selectable display formats, 24 lines x 72 characters (2 pages), 24 lines x 36 characters (4 pages), 
16 lines x 36 characters (6 pages) • Split screen operation • On screen status line displays a 
tuning bar, mode, speed, shift, tone pair, normal/reverse, USOS, WRU, SELCAL, buffer mode 
and buffer count • Cassette interface for long ‘‘Brag Tapes” or unattended message storage • 
Baudot and ASCII printer outputs • Built-in audio monitor • Built-in 110 VAC power supply • 
Other features—PTT control, WRU, SELCAL, sync Idle, CW ID, USOS, autostart, full or half 
duplex, scope outputs, weight control, intercharacter spacing, reverse video, RS-232, word wrap 
around • Compact size only 13,3 x 10.3 x 4 inches • Made in USA. 

Se " dFor IDGM/ elec monies, INC. 

Free Information mmmmmm 

787 BRIAR LANE, BELOIT, WISCONSIN 53511 (608) 362-0410 
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Take a Trip to Europe 

These tips from the world's top SWL make it possible. 


Roger N. Peterson 
2,5 Orchard Lane 
New Canaan CT 06840 



The programs you hear from West Germany emanate from 
this brand-new Broadcasting Center of Deutsche Welle in 
Cologne. 
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W ant to visit a ski resort 
in Switzerland? Lis¬ 
ten to a concert in Vienna or 
the Scots Cuard's Band on 
parade in London? Or go be¬ 
hind the Iron Curtain to hear 
the latest word from the 
Kremlin? 

You can experience all of 
these and much more by 
tuning to the European 
shortwave broadcasters 
With more than thirty sta¬ 
tions daily sending out 
broadcasts in English, you 
have a wide variety of pro¬ 
grams to choose from. And 
most are heard easily on 
even the most modest re¬ 
ceivers here in North 
America 

The majority of these sta¬ 
tions are state-owned and/or 
operated and all but one 
are noncommercial. Some— 
particularly those located in 
Eastern Europe —can fill 
your ears with propaganda, 
but even some of these 
broadcasters can offer good 
programs to listen to. 
Others, like the BBC from 
London, Radio Netherlands, 
and the Swiss Broadcasting 
Corporation, produce a mul¬ 
titude of excellent programs 
every week with practically 
no political undertones. 

With so many stations 
and programs to choose 
from, you should easily be 
able to discover some of 
particular interest to you. 


Are you interested in pro¬ 
grams giving the latest DX 
news? There are some good 
ones coming out of Europe 
every week. The best is 
probably from Radio Neth¬ 
erlands, where every Thurs¬ 
day night they broadcast the 
popular Media Network 
The producer, lonathan 
Marks, talks with a network 
of correspondents in various 
parts of the world, examin¬ 
ing developments in the 
electronic media on both 
the technical and the pro¬ 
gramming side In addition 
to reporting changes in 
broadcasting frequencies by 
stations all over the world. 
Media Network does an ex¬ 
cellent job of keeping listen¬ 
ers informed about new re¬ 
ceivers, antennas, and other 
equipment for the short¬ 
wave enthusiast. Hear this 
on 9.590 or 6.165 MHz at 
0230 GMT and 9.715 and 
6.165 MHz at 0530 GMT 
Fridays. 

Another excellent DX pro¬ 
gram comes from Switzer¬ 
land—The Shortwave Mer¬ 
ry-Co-Round This features 
the "two Bobs," Bob Thom- 
ann and Bob Zannotti. This 
team answers letters with 
technical questions, reports 
on new developments in an¬ 
tennas and receivers, and 
carries on lively discussions 
about the state of the art. 
This program is on twice 
each month—on the 2nd 

























Albania 

Radio Tirana 

Ruga Ismail Qemall 

Tirana 

Austria 

Austrian Radio 

Short-Wave Service 

A-1136 

Vienna 

Belgium 

BRT 

PO Box 26 
B-100 
Brussels 
Bulgaria 
Radio Sofia 

Bulgarian Dragan Cankov 4 
1421 Sofia 21 

Czechoslovakia 
Radio Prague 
12099 Vinohradska 12 
Praha 2 

Finland 
Radio Finland 
PO Box 528 
Helsinki 10 

France 

Radio France Internationale 
PO Box 9516 
Paris 16 

Germany (West) 

Deutsche Welle 
Postfach 100444 
D-5000 
Kolnl 

Federal Republic of Germany 
Germany (East) 

Radio Berlin International 
160 Berlin 

German Democratic Republic 


Great Britain 

BBC (British Broadcasting 
Corporation) 

Box 76, Bush House 
London WC2B 4PH 
Greece 

Voice of Greece 
PO Box 19 

Aghia Paraskevi, Attikis 
Athens 


Radio Budapest 
Brody Sandor 5-7 
H-1800 
Budapest 
Italy 

Radiotelevislone Italiana 
Vlale Maszlni 14 
00195 Rome 
Luxembourg 
Radio Luxembourg 
Villa Louvigny 
Parc Municipal 

Malta 

Xandir Malta 
PO Box 2 
Valletta 
Monaco 
TWR Monaco 
PO Box 141 
Monte Carlo 
Netherlands 
Radio Netherlands 
PO Box 222 
1200 JG 
Hilversum 
Norway 
Radio Norway 
Postboks 6701 
St. Olavs PI. 

Oslo 


Poland 

Radio Polonia 

Komltet do Spraw Radia 1 

Telewizji 

ul Woronicza 17,00-950 

Warszawa 

Portugal 

External Relations 

Av. Engl Duarte Pacheco, 5 

1000 Lisboa 

Romania 

Radio Bucharest 

PO Box 1-111 

Bucuresti 

Spain 

Radio Nacional De Espana, SA 
Apartado 150.039 
Madrid 24 

Radio Sweden International 

S-105 10 

Stockholm 

Switzerland 

Swiss Radio International 
Giacomettistrasse 1 
CH 3000 
Bern 15 
U.S.S.R. 

Radio Moscow 

Pyatnltskaja ulitza 25 

Moscow 

Radio Kiev 

Radio Center 

Kiev 

Ukraine 

Vatican 

Vatican Radio 

Vatican City 

Rome 

Yugoslavia 

External Broadcasting 


Beograd 


and 4th Saturdays. Hear it at 
1315 GMT on 21.570 or 
25 780 MHz 

Radio Sweden Interna¬ 
tional brings you another 
fine DX program, Sweden 
Calling DXers. This is on 
every Tuesday and Wednes¬ 
day and gives you a whole 
list of new or changing fre¬ 
quencies for stations all 
over the world. It is one of 
the best for keeping your 
“where to tune to" list up to 
date. Hear it Tuesdays at 
1415 GMT on 21.615 MHz or 
at 2315 GMT on 9.695 and 
11.705 MHz, and on 
Wednesdays at 0245 GMT 
on 9.695 and 11.705 MHz. 

Radio Sofia from Bulgaria 
is the one broadcaster from 
behind the Iron Curtain that 
is worthwhile listening to for 
its DX program It is particu¬ 
larly good for radio ama¬ 
teurs, giving club news from 
around the world and hold¬ 
ing contests. You can hear it 
on Mondays at 0045 GMT 
on 9 700 MHz 

There are some nine or 
ten other DX programs com¬ 
ing out of Europe, but at this 
writing, the ones mentioned 
above are by far the best. 
Belgium has a nice little pro¬ 
gram on Mondays at 0045 
GMT on 11.695 or 9.870, and 
Austria has an excellent pro¬ 
gram on Sunday mornings at 
1230 GMT on 21,615 MHz. 

The Spanish Foreign Ra¬ 
dio from Madrid broadcasts 
a number of frequency 
changes and other DX mat¬ 
ters on Mondays at 0050 on 
11.880. Reception is usually 
excellent here in North 
America. And Radio Prague 
from Czechoslovakia has a 
DX show that features news 
and information for radio 
amateurs. It is very elemen¬ 
tary, however, and most lis¬ 
teners won't gain much 
knowledge from its usual 
fare. The program is on Fri¬ 
days at 0135 GMT, on 5.930 
or 9.630 MHz. 

World and local news are 
popular with experienced 
European shortwave broad¬ 
cast listeners Almost every 
station broadcasts news, 
usually at the start of their 


programs. Some attempt to 
cover the world while others 
tend to stay strictly with 
news of their own countries 
or sections of Europe. 

The leader in news pro¬ 
grams, by a wide margin, is 
the British Broadcasting 
Corporation (BBC). They 
broadcast more than 250 
news programs a day from 
their London headquarters. 
News is fed to their editors 
from BBC correspondents 
located all over the world, 
and from their world-fa¬ 
mous Monitoring Service 
which provides round-the- 
clock reports on what for¬ 


eign broadcasters are saying 
over the air. This service is 
so popular that the BBC 
sells it to subscribers—other 
foreign broadcasters, gov¬ 
ernments, news agencies, 
etc. 

You can hear world news 
in English from the BBC 16 
times a day. It is broadcast 
on the hour except for the 
GMT hours of 0100, 1000, 
1200,1400,1500,1900, 2100, 
and 2200. If you are interest¬ 
ed in local Great Britain 
news, listen daily at 0009, 
0309, 1109, and 1809 GMT, 
and, on weekends, also at 
0709 GMT. 


The BBC has many other 
news-related and special- 
news programs such as Brit¬ 
ish Press Review, Financial 
News, etc. A BBC buff could 
spend 24 hours a day listen¬ 
ing to their programs, many 
of them about current 
affairs. 

The other European sta¬ 
tions that broadcast world 
news are West Germany, Ra¬ 
dio Netherlands, Swiss Ra¬ 
dio, Spanish Foreign Radio, 
Radio Portugal, Belgium, 
Austria, and a whole slew of 
Iron Curtain broadcasters. 
Few people would bother to 
tune to these stations for 
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These modem broadcasting facilities of Radio Netherlands at Hilversum, Holland, bring you 
some of the best English-language programs from Europe. 


their world news alone as, 
for the most part, they are 
not in the same league as 
the BBC. There are, howev¬ 
er, occasions when it does 
pay to tune to one of these 
countries. Those would be 
when particular news events 
take place in that country or 
area: earthquakes, revolu¬ 
tions, invasions, big fires, 
etc. This is when shortwave 
listening really comes into 
its own. You can get the 
story firsthand and often 
before the international wire 
services get it to your local 
AM radio or TV newscasters 

Some European short¬ 
wave stations skip world 
news entirely and stick to re¬ 
porting localized news. The 
Scandinavian broadcasters 
are good examples. Rather 
than try to compete with the 
BBC for world news report¬ 
ing, Radio Sweden broad¬ 
casts news only about that 
country The Norwegians 
and Finns do likewise. (The 
Danes do not broadcast any 
English language programs, 
so I have no idea how they 
report the news.) 

You can, of course, get lo¬ 
cal news from the stations 
that also broadcast world 
news, but often, as is the 
case with the BBC, it comes 
in separate and distinct pro- 
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grams such as the daily 
"News About Britain" and 
the weekly "Letter from 
London" programs 

Listeners to Europe gener¬ 
ally either concentrate on a 
few select stations or on cer¬ 
tain types of programs that 
appear on a number of dif¬ 
ferent stations. It all de¬ 
pends on the listener's back¬ 
ground or interests. If family 
ties are to a certain country 
or if travel or being sta¬ 
tioned there during time in 
the service generates inter¬ 
est, these may be reasons for 
listening. Other listeners 
stumble onto certain sta¬ 
tions as they tune around 
the frequencies and find 
that certain programs grow 
on them. 

Most of the European sta¬ 
tions try to broadcast to the 
US in so-called "prime 
time." This is the period be¬ 
tween 0000 GMT and 0430 
GMT This is to catch the 
maximum number of listen¬ 
ers in their evening hours 
Many stations will have two 
broadcasts of the same pro¬ 
gram, one at the earlier hour 
to catch East Coast listeners 
and the other at the later 
time to pick up the West 
Coast. 

There are exceptions, like 
Radio Finland, which directs 


its broadcasts to North 
America only in the morn¬ 
ings And some of the "pow¬ 
erhouses" like Radio Mos¬ 
cow and the BBC can be 
heard at almost any time. 

A recent survey among 
shortwave listeners indicat¬ 
ed their favorite broadcast¬ 
ers. The question simply 
asked, "What is your favor¬ 
ite shortwave broadcast sta¬ 
tion?" The results, in order 
of popularity, were as fol¬ 
lows for European stations: 

1) BBC 

2) Radio Netherlands 

3) Swiss Radio 

4) Deutsche Welle 
(W. Germany) 

5) Spanish Radio 

6) Austrian Radio 

7) Radio Moscow 

8) Radio Finland 

9) Vatican Radio 

10) Radio Sweden 

11) Radio France 
International 

Your choice may be dif¬ 
ferent- If you haven't lis¬ 
tened to European broad¬ 
casters lately, here in alpha¬ 
betical order are brief out¬ 
lines of what you can expect 
to hear from each. See table 
for best frequencies and 
times of broadcasts. 

• ALBANIA (Radio Tirana) 
—Unless you have some 
special interest in this coun¬ 


try, this station is not likely 
to become one of your fa¬ 
vorites. Mostly political 
discussions. 

• AUSTRIA (Austrian Radio) 

— One of the better stations 
to listen to. You can hear it 
every night with news fol¬ 
lowed by a feature program 
Additionally, Mondays are 
for answers to listeners' let¬ 
ters, Tuesdays are for sports, 
Fridays have music, and 
Sundays feature tourist at¬ 
tractions. This station is 
presently upgrading its 
transmitting equipment and 
should be easier to receive 
in the months ahead. 

• BELGIUM (BRT)— Has 
the usual news programs 
first and then various 
features, many dealing with 
the European Common 
Market which is head¬ 
quartered in Brussels. You 
can hear their DX program 
on Mondays at 0100 GMT. 

• BULGARIA (Radio Sofia) 

— Their best program is their 
DX news on Mondays at 
0045 GMT. The rest is pretty 
much "party line" discus¬ 
sions of politics. 

• CZECHOSLOVAKIA (Ra¬ 
dio Prague)— Many listeners 
feel that this is the best of 
the Iron Curtain broadcast¬ 
ers. While it has its share of 
political discussions, it also 
has a number of interesting 
shows that are free from 
that taint 

• FINLAND (Radio Finland) 

— This is one you catch in 
the morning hours, and re¬ 
ception is usually good 
They start with news about 
Scandinavia called The 
Northern Report and then 
switch over to various fea¬ 
ture programs, including 
pop music 

• FRANCE (Radio France In¬ 
ternational)— You can hear 
this one only in the early af¬ 
ternoon hours, and then you 
are listening to their broad¬ 
cast to Africa—the only pro¬ 
gram they offer in the En¬ 
glish language. Much of 
their programming is devot¬ 
ed to listeners' interests in 
Africa, such as Third World 
countries Rumors persist 
that RFI will increase En- 



glish programming, but so 
far this is all they offer. 

• £. GERMANY (Radio Ber¬ 
lin International)—A typical 
"Iron Curtain" country 
broadcaster. Lots of news, 
all with political implica¬ 
tions. 

• W. GERMANY (Deutsche 
Welle)— Excellent news 
broadcasts and interesting 
current-events discussions 
If you like music, listen on 
Saturday evenings. Want to 
learn German? They have a 
language course on Sun¬ 
days. 

• GREAT. BRITAIN (BBC)— 
Besides news and current 
events, this station offers a 
whole slew of other pro¬ 
grams including both jazz 
and concert rriusic, short 
stories, and dramas. One of 


their most popular programs 
originates here in the US 
where Alistair Cooke tapes 
his Letter from America. 
There is something for ev¬ 
eryone during the 24 hours 
of broadcasting by this 
station. 

• GREECE (Voice of Greece) 
— Probably will be of in¬ 
terest only to those with spe¬ 
cial ties to the country or 
area. Can be interesting 
when one of the frequent 
quarrels with Turkey comes 
up or Cyprus erupts. 

• HUNGARY (Radio Buda¬ 
pest)— Sometimes, but not 
often, you can hear an inter¬ 
esting program. I would 
rank it about in the middle 
as far as Iron Curtain SW 
broadcasters go. 

• ITALY(RAI)-li you are a 


lover of music, this is the sta¬ 
tion for you. They have op¬ 
era, Italian folk music, and 
"pops." Also, programs on 
other aspects of Italian cul¬ 
ture and life. One of the bet¬ 
ter European stations. 

• LUXEMBOURG (RTL)— 
This is a rare one, a commer¬ 
cial station that you can 
hear from Europe. It beams 
its programs to London, and 
you can hear commercials 
like those on a US AM or FM 
station. The programs are all 
"mod" music. 

• MALTA (Xandir Malta)— 
This little station is heard 
only once a week, on Satur¬ 
days, and at an impossible 
hour for most of us here in 
North America (0700-0800 
GMT). Not much to recom¬ 
mend, but if you can't 


sleep some Friday night, 
give it a try. 

• MONACO (TWR Monte 
Carlo)— Another one with 
very late hours for North 
American listeners. This is a 
religious station and the pro¬ 
grams are all in that mode. 

• NETHERLANDS (Radio 
Netherlands)— Many fine 
programs to hear on this 
popular European station. 
On Sundays, host Tom 
Meyer has the Happy Sta¬ 
tion show. Mondays feature 
life in Holland. Tuesdays is 
Shortwave Feedback which 
answers listeners' letters. On 
Wednesdays listen to Dutch 
Spot on a magazine-format 
program about events in 
Holland. Thursday is 
devoted to that very popu¬ 
lar DX program. Media Net- 



work. Friday features Opin¬ 
ion and discusses some of 
the views of the Dutch press 
Saturday is a light program 
with talk and music; it is 
pleasant listening all the 
way. 

• NORWAY (Radio Nor¬ 
way)— This is one you have 
to catch on Sundays since 
that is the only time they 
broadcast Some good pro¬ 
grams for people interested 
in traveling there some day 
and also interested in good 
music. 

• POLAND (Radio Polonia) 
— Not the best of reception 
for most of its programs But 
then the programs aren't 
anything to write home 
about, anyway 

• PORTUGAL (Radio Portu¬ 
gal)— Their first program 
isn't on until 0300 which 
makes it pretty late for East 
Coast listeners. While their 
programs are not particular¬ 
ly earth-shattering, it is a 
pleasant station to listen to 
and most programs are non¬ 
political. 

• ROMANIA (Radio Bucha- 


programs. DX Mailbag is on 
Wednesdays, and other DX 
programs are on Mondays 
and Fridays. Tuesdays they 
have a very interesting Tour¬ 
ist News program that 
makes you want to visit the 
country. Interested in stamp 
collecting? Tune in on Sun¬ 
days for a special program 
on this hobby. 

• SPAIN (Spanish Foreign 
Radio)— Another one of the 
top European broadcasters 
providing good listening on 
most nights Reception is 
consistently good, too. Their 
DX program is on Mondays 
at 0050 CMT. 

• SWEDEN (Radio Sweden) 
— Another good one from 
Europe. Aside from their DX 
program, already men¬ 
tioned, they have a very fine 
program on the weekend 
called Saturday from 
Stockholm. 

• SWITZERLAND (SRI)- 
One of the most popular of 
all from Europe. While their 
weekday programs, primari¬ 
ly news and background, are 
good, their weekend pro- 


second and fourth Satur¬ 
days, listen to their popular 
DX programs—among the 
best on the air. On Sundays 
they have a rtew program 
called Balance Sheet. This is 
about Swiss business. Don't 
think, however, that it is dry 
statistical reporting. Instead, 
it is a very lively description 
of Swiss industry Recently, 
for example, they had a very 
interesting program on the 
Swiss chocolate industry. 
Another one brought us up 
to date on clocks and 
watches. 

• USSR (Radio Moscow and 
Radio Kiev)— Many people 
listen to Radio Moscow just 
to hear their viewpoint on 
world affairs, US diplomatic 
steps, etc. One of their most 
popular programs is called 
Listeners’ Forum and you 
can hear this on Sundays at 
0010. Right after this comes 
Russian by Radio, if you 
have any interest in learning 
to speak their language. An¬ 
other good program is 
Round about the USSR, 
heard on Tuesdays and Sat- 


Radio Kiev is preferred by 
many people over Radio 
Moscow. Weekdays provide 
the usual news followed by 
feature programs—most po¬ 
litical. They have a DX pro¬ 
gram on Wednesdays which 
is pretty good, but perhaps 
their best program is on Sun¬ 
days when you can hear Mu¬ 
sic from the Ukraine. 

• VATICAN (Vatican Radio) 
—You can hear it every eve¬ 
ning, even though it is on for 
only 16 minutes. Programs 
express Vatican opinions on 
current events and other 
matters. 

• YUGOSLAVIA (Radio Yu¬ 
goslavia)—Strictly news, 
and all handpicked for polit¬ 
ical implications. 

So there you have it. 
There is a wonderful choice 
of programs from Europe in 
English just waiting for you 
to tune in. Most are easily 
heard and offer you enter¬ 
tainment, education and/or 
enlightenment. With your 
shortwave receiver, you can 
travel to Europe every 
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Four Bands, One Whip 

Quadruple your mobile operating pleasure •, 
please , but don't blame us. 


D id you ever want to 
change bands while 
operating mobile but didn't 
want to stop in the rain to 
change resonators? Now 
you can change bands with¬ 
out a thought about your 


mobile antenna. How about 
a bandwidth as much as 
one megahertz (see Fig 8), 
with swr of no more than 
1.5:1 ? You can build this mo¬ 
bile antenna for a fraction of 
the cost of a commercial 




mobile antenna. The materi¬ 
als are readily available and 
are not costly. 

A Look at the Basics 

The six-foot mast is con¬ 
structed from Vi" copper 
water pipe. The overall 
length is not critical, but sig¬ 
nal reception will suffer at 
anything much less than a 
five-foot mast length. If you 
own a Hustler or similar 
mast, you already have the 
first part of your new multi¬ 
band mobile antenna. 

Multibanding is obtained 
by the use of multiple LC cir¬ 
cuits—one for each band 
desired. A typical mobile an¬ 
tenna has resonators (LC cir¬ 
cuits) with an adjustable 
whip. The adjustable whip is 
actually the C of the reso¬ 
nant LC circuit. You might 



Fig. I Fop-loaded mobile 
antenna. 

Fig. 2. Resonator positioned 
at 90° (vertical polarization 
retained). 


think of such a mobile an¬ 
tenna as shown in Fig. 1. 

Adjusting the whip 
changes the C and raises or 
lowers the resonant frequen¬ 
cy A tip: In general, a 
greater amount of capaci¬ 
tance will result in a greater 
bandwidth. These mobile 
antennas are "top-loaded," 
i.e., the LC circuit is at the 
top of the antenna and, for 
all practical purposes, the 
only part of the antenna that 
radiates is that portion be¬ 
low the resonator. That is 
the reason you should make 
the mast as long as is practi¬ 
cal. Since the whip is ba¬ 
sically C, why stick it up in 
the air where it will just give 
your antenna increased abil¬ 
ity to reach all those nearby 
objects —trees, carports, 
etc ? You can actually place 
a typical resonator at a 90° 
angle to the mast and prob¬ 
ably notice no difference 
in performance, although 
tuning may < hange slightly 
This could present an eye 
hazard or you might even 
spear a bird Let's look at 
this change as shown in 

Fig. 2. 



Fig. 3. Multiband antenna 
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Capacitance does not 
have to come in the form of 
a whip Two wires in the 
shape of a V form a capaci¬ 
tor proportional to the area 
within the V. The V is easy to 
adjust (change C). In fact, I 
used exactly this method in 
my initial experiments. It 
doesn't work too well for 
actual mobile use because 
the V is not rigid during vehi¬ 
cle motion and the vibration 
of the V causes fairly wide 
and constant changes in 
resonance. 

Now that I had decided 
to place the LC in a hori¬ 
zontal position, I also decid¬ 
ed to multiband the antenna 
by using more than one LC 
circuit. The configuration 
now becomes that shown in 
Fig 3 

I am currently using four 
LC circuits on my mobile an¬ 
tenna, but you can use one, 
two, three, four, or more. I 
haven't tried five yet, but 
that's one of the next steps. 
The LC for the lowest fre¬ 
quency should be at the top 
of the mast with the next 
higher frequency below that 
and so on. 

Mechanical Construction 

The idea for the mast 
came from an article in 73 
Magazine (February, 1979, p 
42) I used non-ferrous ma¬ 
terials to avoid any rust 
problems. The mast itself is 
a six-foot length of ’/a" cop¬ 
per water pipe The details 
of the fitting which attaches 
the mast to your mobile 
mount are shown in Fig 4 I 
used a brass end cap 


through which I drilled a 
3/8" hole for the 3/8" X 24 
stainless steel bolt. The 
brass end cap is consider¬ 
ably stronger than the cop¬ 
per end cap used in the 73 
Magazine article However, 
it does require that the head 
of the bolt be reduced to al¬ 
low it to fit in the inner di¬ 
ameter of the brass end cap. 

I simply chucked the 3/8" x 
24 bolt in my 3/8" electric 
drill and used my shop 
grinder on the bolt head 
while letting the drill rotate 
the bolt for a nice even 
"machining." The end cap is 
assembled with a bronze or 
stainless steel lock washer 
and a brass or stainless steel 
nut. If you have any difficul¬ 
ty in finding a stainless steel 
bolt, you might try a local 
boat or marine dealer 
The end cap is assembled 
to the mast with an ordinary 
copper sleeve and soldered 
with a propane torch. Do a 
good job here because there 
is a lot of force at the base 
of the mast. I use a rigid 
mount and do not tie or guy 
my antenna. Now we close 
the end of the mast to keep 
out water I soldered a flat 
piece of copper to the end 
of the mast. 

LC Construction 

I used some spare trap 
covers from my Cushcraft 
HF antenna for the support¬ 
ing structure for the induc¬ 
tor and capacitor. These 
trap covers are thin and do 
not offer much wind resis¬ 
tance as the wind flows 
through them. They are prob¬ 
ably a phenolic material. 



Fig. 5. Details of mounting bracket . 


which is very suitable for an 
inductor form. 

The part which kept me 
from building the antenna 
for over a year (I love to pro¬ 
crastinate) was deciding 
how to fasten the LC circuits 
to the mast. Fig. 5 and Photo 
A show the construction de- 
tails of the mounting 
bracket. I cut a copper 
sleeve in half longitudinally 
and brazed copper tabs to 
the half coupling. Copper 
for the tabs was obtained by 
splitting a short length of 
copper pipe, opening it up, 
and flattening it with a ham¬ 
mer (I had four feet of cop¬ 
per pipe left after cutting six 
feet off for the mast, so the 
material was handy.) The 
tabs were bent 90° and a 
piece of V4" copper tubing 
was brazed between the 90° 
tabs so that the inductor 
form would not be crushed 
when attaching it to the 
bracket. Brass nuts, 6" x 32. 
were soldered to the top and 
bottom of the bracket. You 
might want to use one long 
screw to attach the whole 


assembly and not be both¬ 
ered with the brass nuts. 

A word about brazing the 
copper parts: The high heat 
anneals the copper. It 
becomes soft and I have had 
one bracket fail due to the 
vibration. It lasted over 
eight months and over 
20,000 miles. The 15-meter 
LC was made with #12 cop¬ 
per wire and was quite 
heavy. You might solder or 
silver solder your bracket or 
find an even better method 
of attaching the LC assem¬ 
bly to the mast. 

I have made inductors us¬ 
ing #12, #18, and #20 wire. 
The #12 wire is quite heavy 
for a 20-meter LC circuit and 
probably impractical for a 
40-meter LC circuit The #20 
wire gets warm when using a 
steady carrier but has 
caused no problem with 
SSB. If you run a kilowatt 
mobile, the #12 wire should 
do just fine. 

The capacitance was add¬ 
ed by using 1/16" brass weld¬ 
ing rods. I chose the modi¬ 
fied rhombic because it did 








Photo B. Grid-dip meter position. 


not have a sharp end as 
would a V and should avoid 
some static problems. I had 
hoped to adjust the C by 
bending the rhombic (in¬ 
creasing or decreasing its 
area). I found that vibration 
and vehicle motion caused 
erratic changes in reso¬ 
nance, so I added the adjust¬ 
ment spanner to the center 
of the rhombic. This allows 
easy adjustment of the reso¬ 
nant frequency 

Determining LC Values 

If you like to experiment 
by trial and error, you'll love 
this. I spent many hours re¬ 
moving one turn at time, 
varying capacitance, and 
trying to find where the LC 
was resonant. I would be 
looking for a 15-meter or 
20-meter resonance and 
would all of a sudden find 
myself in the 10-meter 
range This is not the best 
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way to start, although you 
will probably have to use 
this cut and try method for 
the 10-meter LC 

I found that I could use 
my Heathkit ® grip-dip oscil¬ 
lator (gdo) to find the res¬ 
onant frequency of the LC. 
The secret is to put a pickup 
coil at the base of the anten¬ 
na and insert the gdo coil in¬ 
side the coil (see Photo B). 
The Heathkit gdo is a handy 
piece of equipment but 
hardly a laboratory-grade in¬ 
strument I first found a res¬ 
onant frequency of 14.2 
MHz, so I connected the an¬ 
tenna to the transmitter and 
checked swr It was not reso¬ 
nant anywhere in the 20- 
meter band! Suspecting 
something funny, I used the 
same pickup coil and con¬ 
nected it to my frequency 
counter and, since a gdo is 
actually a signal generator, 
the counter showed that the 



Fig. 6. Grid-dip meter posi¬ 
tioning. 


indicated 14.2 MHz was ac¬ 
tually 13.8 MHz. It was con¬ 
venient that the error was on 
the low side because I had 
to remove only one turn to 
raise the frequency of the 
LC circuit (or decrease ca¬ 
pacitance, which would not 
be as desirable as it would 
reduce bandwidth). You 
don't need a frequency 
counter to check your gdo 
Just use a short antenna on 
your HF rig and sweep the 
frequency with the gdo until 



Fig. 8. 1 ypical swr and band¬ 
width. (a) 40m swr lapprox. 
25 kHz @ 7.5 or less swrl (b) 
20m swr lapprox. I SO kHz @ 
7.5 or less swr ). tel 15m swr 
lapprox. MX) kHz @ 1.5 or 
less swr). Id) U)m swr (ap¬ 
prox. 1.1 MHz @ 7.5 or less 
swr). 

you hear its signal on your 
HF receiver This is an easy 
method to calibrate or com¬ 
pensate your gdo. 



Fig. 7. Resonance adjustment assembly Inductance—any 
diameter, any wire size (to suit power level), number of turns 
to suit frequency. 







1-19*32"-DUmeter Inductor Forms 


#12 Wire 


#20 Wire 


Note: L and W 


W 


20m 32 

15m 16 

10m 11 

40m 55 

20m 22-1/2 

Additional data using #20 wire 
92 turns = 5.5 MHz 
83 turns = 5.9 MHz 
67 turns = 6.6 MHz 
62 turns = 6.8 MHz 
59 turns = 7.1 MHz 
55 turns = 7.25 MHz 
38.5 turns = 11 MHz 


10” 2-1/8” 
11-1/4” 1-3/8” 
9-1/4” 1-1/8” 
14-1/4” 1-1/2” 
13-1/4” 1-1/2” 


are the length and width of the rhombic (C). 


Table 1, Inductor winding data. 


As previously mentioned, 
I used a V configuration 
(Photo C) for the initial ca¬ 
pacitance as it could be eas¬ 
ily changed to adjust the res¬ 
onant frequency. Work on 
one LC circuit at a time 
Table 1 gives some dimen¬ 
sions which are intended to 
be a guide and give you a 
place from which to start. 
Differences in form diame¬ 
ter, wire size, and materials 
will require that you find 
your own right combination. 

Weatherproof 

Your LC assembly must 
be weatherproof. I learned 
from experience what a lit¬ 
tle rain will do to the reso¬ 
nant frequency I guess I just 
figured out why commercial 
antennas use trap covers! 
My first attempt at weath¬ 
erproofing was by dipping 
the LC assembly in polyure¬ 
thane varnish. This lowers 
the resonant frequency 
about 500 kHz and is heavy. 
I have used epoxy resin, the 
type used to make fiberglass 
repairs, with good results. 
There is no appreciable fre¬ 
quency change; it is tough, 
medium in weight, easy to 
apply (pipe cleaners make 
excellent disposable paint 
brushes), and cures in about 
30 minutes 

My preferred method is to 
put some silicone seal at the 
end of the LC assembly and 
enclose the inductor in heat- 
shrink tubing (obtained sur¬ 
plus or at a hamfest, in case 
you don't know how much a 


piece of new 2"-diameter 
heat-shrink tubing costs!). 

Assembly and Adjustment 

When you have com¬ 
pleted the desired number 
of LC assemblies, they are 
attached using stainless 
steel worm-type hose 
clamps. The LC assemblies 
should be positioned fore 
and aft very carefujly to 
minimize wind resistance. 
They should be carefully 
aligned or you may have 
one big rudder and a very 
"mobile" antenna, I have 
used care in alignment and 
have watched the antenna 
at highway speeds—it does 
not whip around Proper po¬ 
sitioning may actually cre¬ 
ate a stabilizing effect. 

Fig. 6 shows the position¬ 
ing I am presently using 
There is some interaction 
between the LC assemblies, 
and "four in a row" caused 
some swr problems, par¬ 
ticularly on 15 meters. 

Adjust each LC circuit to 
the frequency you desire. 
Start with the highest fre¬ 
quency first (10 meters) and 
adjust each until you have 
adjusted the LC circuit of 
your lowest band. 

More Thoughts 

You don't have to make a 
multiband antenna. You 
may make an LC assembly 
for only one band. It might 
be used on a four-foot mast 
when height is a considera¬ 
tion such as on a motor 



Photo C. Resonator test assembly. 


home or tractor-trailer You 
might combine two or more 
LC circuits on a single induc¬ 
tor form. You might use a 
circle instead of a rhombic 
for capacitance. You might 
leave the circle or rhombic 
open at the end and adjust 
the spread with a movable 
insulator You might use a 
ferrite core to reduce the 
size of the inductor. You 
might use the LC assemblies 
for a temporary or space- 


restricted base antenna 
(with proper radials or 
counterpoise). You might 
build a small beam or rotat¬ 
ing shortened dipole. You 
might 

Thanks to Bo Owen 
K4QKH, senior staff engi¬ 
neer at Teledvne Avionics in 
Charlottesville, Virginia, 
for the fundamentals and 
basic ideas. 

CU on 10 or 15 or 
20 or 40 or ■ 


HAL-TRONIX, INC. 
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The Conlog Solution 

What's the key to winning, contests ? Put an Atari 
and this program at the helm of your station and find out 


Charles D. Moore NSATD 
PSCH2 Box 3000 
Elmendotf AK 995 04 


T his program enables a 
radio operator to keep a 
more accurate contest log. 
It fits quite handily into a 
16K Atari 400/800, yet will 
save and compare up to 750 
callsigns. The information 
can be saved or recalled 
to/from disk or cassette and 
output to the screen or a 
printer A callsign can be 
compared with up to 750 
others in slightly less than 
one second. 

I never really intended to 
write this program. But the 
rest of you hackers out there 
will recognize the symp¬ 
toms. At the request of a 
friend, I tried to translate a 
short program written in 
Microsoft Basic to Atari 
Basic. But, after adding a lit¬ 
tle bit here and a "Hey, this 
would be nice" there, it grew 
into the present monster. 
Well, maybe not a monster, 
but certainly more than I 
intended 

As usual, the hardest part 
of translating to Atari Basic 
is the string handling. In 
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Atari Basic, strings cannot 
be directly dimensioned in¬ 
to arrays. Instead, DIM A$ 
(1000) sets aside 1000 spaces 
for one long string. While in 
some ways not being able to 
dimension a string array is 
more difficult, having a 
single long string is in other 
ways very fast and control¬ 
lable. I made a single string 
9000 characters long and 
sort of partitioned it off into 
segments of 12 characters 
each (12 * 750 = 9000) By 
taking, for example, the 
seventh callsign and multi¬ 
plying it by 12, the 84th 
through 95th characters in 
AS can be accessed by 
A$(84,95). In other words, for 
N = 7, A$(N*12,N*12 + 11). 
The subroutine to search 
CALLS, the string that holds 
all the callsigns, is a 
machine-language subrou¬ 
tine loaded into page six 
by line 445. The subroutine 
searches the length of 
CALLS for a match to the 
current entry using X = 
USR(XX). This is accom¬ 
plished in lines 160 through 
170. The variable GOOD is 
used to count the number 
of good contacts. I used 
GRAPHICS MODE 2 be¬ 
cause the letters were bigger 
and I could throw in a little 


color without using up room 
needed for string space by 
taking advantage of the ad¬ 
ditional colors available in 
MODE 2 with inverse letters, 
lowercase letters, and in¬ 
verse lowercase letters The 
sound is simple, but I found 
that anything more elabo¬ 
rate tended to slow down 
the program a great deal. If 
a callsign is good (it has not 
been encountered before), a 
high tone is sounded. A bad 
callsign will result in a low 
tone. This way the operator 
cannot tell if an entry is 
good without looking at the 
screen. 

Operating Conlog 

First of all, type in the pro¬ 
gram. It helps, believe me. 
Hopefully, upon RUN, the 
screen will display the num¬ 
ber of stations worked, zero 
at this point. In the text win¬ 
dow, two lines of informa¬ 
tion are displayed in inverse 
video. The first merely re¬ 
minds you that no more 
than 12 characters may be 
made on each entry; the pro¬ 
gram will ignore any extra. 
The second line gives the 
functions. To access these 
instead of a callsign, type; 
SCREEN for output to the 
screen, PRINTER for an out¬ 


put to the printer, or MENU 
for saving or loading in¬ 
formation. The output to the 
screen is pretty quick but 
may be stopped and restart¬ 
ed by CNTL 1 at any time. 
The output to the printer is 
one callsign per line because 
I was running out of program 
space. Now you are ready to 
enter a callsign. Upon typing 
one in and RETURN, the pro¬ 
gram will print the callsign in 
the box and then search the 
string CALLS for a duplica¬ 
tion. A message, GOOD or 
WORKED, will be printed 
below the callsign in the box 
If at any time you desire 
to save or load information, 
use MENU and follow the 
questions you will be asked. 
First, you will be asked if 
you are using disk or cas¬ 
sette Just press the first let¬ 
ter, D or C. If you are using 
disk, you will be asked for a 
file name. Follow the gener¬ 
al guidelines for a file name 
given in the Atari Basic ref¬ 
erence manual. Next, a 
message SAVE LOAD QUIT 
will be printed. When you 
press S or L, you will be 
asked to ready the device 
you are using. Q will return 
to the callsign entry portion 
Now, if you operate on a 
band and want to change 





Program listing. 


bands for a while because less headaches and im- 
conditions change, you can proved eyesight, 
dump the information to 
disk or cassette and easily Notes 
start again later by calling Unfortunately, there was 
up prior callsigns by file very little room left for re¬ 
name. This can lead to a few marks, so they are rather 

^See List of Advertisers on page 130 



sparse in the listing If you 
are using disk, you of course 
have more than 16K, so it 
would be easy to expand the 
number of entries. When 
you save the information, be 
sure you have plenty of 
room, as 750 entries takes 
about 75 sectors on a disk 
and a correspondingly great 
amount of cassette space. 

This program is designed 
as a help for contest logging, 
but it could be used to check 
for duplicate entries for just 
about anything. With minor 
effort, the string partitions 
could be shortened or 
lengthened. Likewise, the 
graphics could easily be 
changed to fit a specific ap¬ 
plication. The substring 
search would only need to 
be changed so that the new 
length of the substring is 
used for comparison. 

I hope this program will 
make all the users of other 
than Atari Basic jealous. It 
runs quickly and looks nice. 
With the small blend of ma¬ 


chine language, the program 
makes a nice addition to the 
ham's computer library. If 
you really mess up and 
break the program, you can 
restart it by GR.2:GOTO 35 
and nothing will be lost or 
affected. If you have any 
comments, questions, or 
(hopefully) improvements, 
please let me know I'll 
answer/comment on any¬ 
thing with an SASE. Also, if 
you would like a copy of this 
program, just send a blank 
disk or cassette with a 
stamped, self-addressed 
mailer and $3.00 to PSC 
#2 Box 3000, Elmendorf AK 
99504. 

Credit Department 

I learned the technique 
used for the substring search 
from a very good article by 
E C. Smith in the August, 
1982, issue of Compute 
magazine. My Basic version 
of the same type of search 
took about 13 seconds to 
compare 750 entries. ■ 

73 Magazine • April, 1984 63 












Spenser Wh ipple, lr. 


Ishmod's Journal 

What happened in 1963 finally surfaced in 1983. 
Was he a fool? 


I t all started out inno¬ 
cently enough. Planning 
a DXpedition to an area 
that was thought to be in 
the control of one of the 
Balkan States. But what a 
story. I had agreed with Ish- 


mod that the story would 
not be told until he was 
gone. He believed that the 
telling of his story would 
provide him with a great 
deal of money and power 
and he wanted nothing but 



Map page from the Ishmod Journal. The map is hand-drawn 
and centers around the Bay of Bengal and the tiny speck of 
land that was to be the DXpedition's destination. Water 
damage has obliterated the coordinates of the island and 
other critical parts of the puzzle. 


to be left alone. 

It began in early July in 
1967. My wife and I had 
spent a relaxing holiday on 
Capri. On our way back to 
Athens she wanted to do 
some more shopping, so we 
looked for a locker at the 
train station to temporarily 


store some of our packages. 
When I opened it, a crum¬ 
pled paper bag was in it. 
Curious as to its contents, I 
looked inside. A strangely 
familiar sequence of letters 
and numbers caught my 
eye on the front of an old 
leather-bound notebook— 


June 2.4, If63 T-30 ~JoMOrrOW WC QO - 

TZ-trcc. Mir\da.r, AJaw &lj, Pwpoor , 
A U, and Baroda share my 

cn Ihustias tn ■ LJe. are ready. / 

All equipment ha* been checked W 
- “'-uiitl he - 
0 days. 


checked'actiudf H/e UjM have enough 

or ysermpa / 


food -for 


I have with the kfJp *f m y <$eod 
frtends been tV **i 

4L different, umv of sofffying *f*<- 
ntc.nn± uu-rh ejtu+x+f* current^ 
Ary reujfj tbpes 
MshouJd \perftmi uieji e^mrfmier. 




Hk Arttt«W45-< 

be 

• x)directed to 
/ the north 
and u/est 


Another loose page from the journal. These entries were 
made the night before Ishmod and his friends were ferried 
to the island. 
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what turned out to be what 
I would later call the 
Ishmod Journal 

Unaware of its historic im¬ 
portance, I tucked the rag¬ 
ged notebook under my 
arm, figuring I would take a 
quick look at it while my 
wife made still another of 
her forays into the local 
shops. So, when I did look at 
the cover again, it dawned 
on me why the faded legend 
on the cover seemed famil¬ 
iar. It read S7Z2B. That 
could well be an amateur- 
radio callsign, although I 
had no idea to which coun¬ 
try it might have belonged. 
Settling under an olive tree, 

I began to read. When my 
wife came back about 40 
minutes later, she thought I 
was crazy from too much 
sun. I was babbling about 
someone named Ishmod 
and that the world had to 
know about him. So this is 
Ishmod's story, at least as 
well as I could put it to¬ 
gether. I say that because 
there still are some areas 
that can't be accurately put 
together. 

Though the handwriting 
was poor and some of the 
pages were damaged from 
moisture, I think I figured 
out most of it. I do wonder, 
though, because most of it, 
if I interpreted it correctly, 
is almost too much to be¬ 
lieve. Hams around the 
world have had some won¬ 
derful and disastrous DXpe- 
ditions, but this one takes 
the cake. And through an in¬ 
credibly intricate string of 
events, the story has re¬ 
mained hidden all these 


years. A novel could be 
based on the travels of the 
journal itself. 

It seemed that Ishmod 
Kaduk S7Z2B, an amateur- 
radio operator from the In¬ 
dian state of Sikkim, had 
gathered a group of fellow 
hams from two neighboring 
villages to share in his 
dream of putting a new pre¬ 
fix on the air. Ishmod had 
intended to use a barren 
rocky footprjnt of land 
about 70 miles off the coast 
of India in the Bay of 
Bengal. The exact location 
is hard to determine as this 
information was on one of 
the pages damaged by 
water, but it appeared to be 
southeast of Chilka Lake, 
which is about 200 air miles 
from Calcutta, down the 
eastern coast of India. 

Apparently, Ishmod was 
an experienced sailor, hav¬ 
ing grown up in Chatrapur, 
a small village near Chilka 
Lake and the sea. He had 
spent his boyhood there un¬ 
til he went off to the univer¬ 
sity at Delhi. This much was 
clear. 

One summer after his 
next to last exams in what 
was to lead him to the 
equivalent of an electrical 
engineering degree, he had 
packed his small sturdy sail¬ 
boat with enough provi¬ 
sions for a week and was 
planning a relaxing cruise in 
the familiar bay. Three days 
out, he saw something 
ahead in the water. There 
was no land indicated on 
any of his charts, but there 
it was. Using a sextant, he 
noted his position and re¬ 



sumed his vacation from his 
studies. 

When he returned to 
school in Delhi, he spent 
some time in the great li¬ 
braries and government rec¬ 
ord buildings looking for 
some reference to the small 
island he had found the pre¬ 
vious summer. Having grown 
up in that area and sailed 
there all his life, he could 
not recall any mention of 
the land from the sailors he 
used to talk with down on 
the dock near his village. 

Eventually, he did find an 
old document at the Indian 
Registry of Vessels that 
warned ship captains of the 
menace of a reported shoal 
at about the location he had 
seen the rocky island. The 
document also noted that 
"landing rights thereon" had 
been claimed over a hundred 
years ago by a Serbo-Croa- 
tion prince through some 
special diplomatic agree¬ 
ment. Although claimed by 
the prince, the landfall had 
not become the legal territo¬ 


ry of any country. Ishmod 
could not believe what he 
read. The following summer 
he planned to have his 
DXpedition. And this was the 
beginning of the adventure 
chronicled in the Ishmod 
Journal. 

Late in the evening on 
June 24, 1963, Ishmod and 
four other hams sat around 
a small table on the dock 
at Chatrapur, double-check¬ 
ing their equipment lists. 
They had pooled their mon¬ 
ey and chartered the only 
boat large enough to ferry 
their equipment and provi¬ 
sions to the rocky island 
that was to be home for the 
next six days. Little did they 
know then that they were 
about to make history. They 
were to be the first to 
observe a phenomenon that 
defied the laws of physics 
and electromagnetism. The 
rocks of the island ex¬ 
hibited the incredible ca¬ 
pacity to alter the infundib- 

Continued on page 224 


0 RTTY TODAY 

MODERN GUIDE TO AMATEUR RADIOTELETYPE 
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UNIVERSAL ELECTRONICS, INC. 
4555 Groves Rd., Suite 3 
Columbus, Ohio 43232 

Tel. No. (614) 866-4605 
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"RTTY TODAY"—the only up-to-date 
phases of radio-teletype. Answers many 
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The Terminal Terminal Unit 

Build this variable-shift TU. 

Its performance will knock you dead. 


F ollowing the advent of 
the affordable home 
computer, increased inter¬ 
est in RTTY operation was 
generated in the amateur 
community. The benefits of 
being able to do away with 
the noisy printer and use 
video displays for received 
and transmitted data moved 
this mode of operation into 
the electronic age. Since 
computers are not normally 
designed to perform RTTY 
operations unaided, special¬ 
ized hardware interfaces be¬ 
tween receiver/demodulator 
and transmitter, as well as 
software to control them, 
were required. Aside from 
those specialized or dedi¬ 


cated systems for RTTY now 
available from manufactur¬ 
ers such as Hal, Robot, and 
DGM, hardware/software is 
commercially available for 
the popular Radio Shack 
TRS-80,* Apple,** and the 
Pet* * * computer systems to 
provide this added capabil¬ 
ity to the ham station. 

For RTTY/Baudot opera¬ 
tion. the requirements of the 


•TRS80 is a registered trade¬ 
mark of Tandy Corp. 

•'Apple is a registered trade¬ 
mark of Apple, Inc. 

•"Pet is a registered trademark 
of Commodore Business Ma¬ 
chines. 


demodulator/terminal unit 
(TU) for computer operation 
have changed very little 
from the days of the Model 
15 printer and current loop 
driver/relay. The input signal 
is still provided by the re¬ 
ceiver audio, filtered and 
conditioned by the TU, and 
output as either an "on" or 
"off" level, depending upon 
the mark or space frequen¬ 
cies. However, while the 
output for the Teletype® 
printer was required to be a 
20- or 60-milliamp current 
driver for the mechanical 
system, the computer re¬ 
quires only a plus-five-volt 
(1) or zero-volt (0) level. 

Over the years, many "im¬ 


proved" TU designs were 
produced to overcome the 
effects of signal fading, in¬ 
terference, noise, etc. The 
variation of mark and space 
shift, that is, the separation 
between these frequencies, 
required different filters to 
be incorporated in the TU to 
be able to copy the desired 
signals. Similarly, in order to 
copy different speeds, switch- 
able-speed filters were re¬ 
quired. Amateurs have al¬ 
most universally standard¬ 
ized on the 170-Hz shift for 
better noise immunity and 
on 60 words per minute, 
since most surplus printers 
are equipped for this speed, 
With the approval by the 
FCC of ASCII operation on 
the ham bands, new re¬ 
quirements were necessary 
to enable amateur use of 
this new mode. Many 
surplus ASCII machines are 
available, but not too many 
amateurs desire to purchase 
and maintain two machines 
to be able to operate both 
Baudot and ASC11. Addition¬ 
al ly, ASCII operation is au¬ 
thorized on the HF bands to 
28 MHz at speeds of 110 and 
300 baud. These speeds are 
approximately 1.7 and 4 6 
times faster than 60 words 
per minute, respectively, 
thus affecting TU filter pa¬ 
rameters for reliable copy 

In originating design re¬ 
quirements for a TU ori¬ 
ented to computer opera¬ 
tion, a number of trade-offs 
must be considered. First, 
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Photo B. Terminal unit rear-panel jack arrangement. 


we must decide whether we 
will be satisfied with copy¬ 
ing only amateur 170-Hz- 
shift signals as opposed to 
the older 850-Hz-shift and 
commercial RTTY stations, 
such as news service at 
425-Hz shift. The trade-off 
incorporated into the 
described design provides 
an input bandpass filter to 
allow reliable copy of the 
170-Hz shift and the capabil¬ 
ity to switch this filter out of 
the circuit to pass wider 
shifts. Differing shifts mean 
different mark and/or space 
frequencies which lead to 
the requirement for multi¬ 
ple filters. This problem is 
solved by using active filters 
and designing the space fil¬ 
ter with a center frequency 
which can be varied by 
front-panel control over the 
shift range desired. For addi¬ 
tional selectivity on wide- 
shift signals, an available re¬ 
ceiver filter may be used to 
perform the function of the 
switched-out bandpass unit. 

Second, we must deter¬ 
mine the amount of sophisti¬ 
cation or "bells and whis¬ 
tles" we desire to add. The 
incorporation of a limiter 
circuit is a basic require¬ 
ment for accommodating 
signal fading. However, the 
capability of switching out 
the limiter or changing its 
parameters for AM-type sig¬ 
nals or interference thresh¬ 
olding should also be avail¬ 
able and is included in the 
design. Since this TU is also 
used to copy CW signals 
with a TRS-80, a threshold 
control is provided to allow 
the level of the desired 
signal above interference to 
be set with or without the 
limiter in the circuit. 

Active filters are sensitive 
to increases in signal level 
over the design amplitude 
and distortion in the desired 
response will occur if this 
parameter is not considered. 
Therefore, a single transistor 
stage has been included 
which adjusts the signal 
level when the limiter is 
switched out of the circuit 


and precludes overdriving 
the mark and space filter 
through the use of clipping 
diodes in the base circuit. 
Fig. 1 shows the circuit per¬ 
formance for varying input- 
signal levels with the limiter 
switched in and out. 

Filter response/width is a 
function of signal intelli¬ 
gence bandwidth versus 
noise and interference. The¬ 
oretically, a filter of band¬ 
width "n" should be able to 
pass "2n" bits of intelli¬ 
gence. However, this figure 
does not take into account 
noise, fading, and interfer¬ 
ence. Naturally, we would 
like to have the narrowest 
filter response which will 
cut off all interference on 
either side of the desired sig¬ 
nal, but one wide enough to 
preclude having to retune 
for drifting transmitter oscil¬ 
lators. 

The input bandpass filter 
used in this design can be 
tuned by the circuit-board 
trimmers for a bandwidth of 
160 Hz with the values 
shown. This is wide enough 
to pass 170-Hz-shift mark 
and space signals without 
any problems at both 
60-word-per-minute Baudot 


and 110-baud ASCII. How¬ 
ever, at 300 baud, with the 
input filter tuned for maxi¬ 
mum amplitude at 2210-Hz 
center frequency (f 0 ), the fil¬ 
ter response drops off rather 
sharply, decreasing the 
mark/space intelligence 
bandwidth (as shown in 
Fig. 1). 

In order to provide a good 
recovery capability for 
300-baud signals, the input 
filter is slightly detuned, as 
described later, to widen the 
3-dB width. The LM3900 op 
amp used for the active fil¬ 


ters is a Norton amplifier. It 
differs from the common 
741 op-amp series in that it is 
a current-differencing de¬ 
vice. The main consequence 
of this difference is that it 
makes the amplifier a low- 
impedance device as op¬ 
posed to the high-imped¬ 
ance 741. Further informa¬ 
tion on the LM3900 is avail¬ 
able from National Semicon¬ 
ductor Corporation in their 
AN72-15 Application Note. 

With the values shown 
and careful alignment, the 
2295-Hz mark filter achieves 


Sensitivity 

Input filter width, 3 dB 
Space filter width, 3 dB 

Mark filter width, 3 dB 
Shift reception 


Adjacent-channel filter 
rejection 

Dynamic range (limiter out) 
Minimum threshold 
separation 
Output 

Supply voltage 
Current drain, space on 


0.1 volts p-p 
170 Hz (adjustable) 

85 Hz (adjustable on panel 
from 1700-2700 Hz f 0 ) 

85 Hz, 2295 Hz f 0 
100-600 Hz with both mark 
and space filters in use; 
adjustable from panel 

20 dB 
>30 dB 

0.2 volts 

5 volts (1) or 0 volts (0) on 
space or mark 
+ 12.5 volts 

100 mA; add 100 mA for 
relays 


Table 1. Terminal unit specifications. 
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a 3-dB bandwidth of 85 Hz 
This value is about optimum 
for any of the RTTY modes 
encountered in the HF 
bands. The space filter is 
that part of the design which 
provides the capability for 
copying different frequency 
shifts and varying bandwidth 
signals. Front-panel controls 
allow the operator to tune 
the filter for a 3-dB width of 
85 Hz at the nominal 170-Hz 
shift frequency of 2125 Hz 
or tune the center frequency 
over a wide range of values 
to accommodate other fre¬ 
quency shifts. 

With the component val¬ 
ues shown, the old shift of 
850 Hz cannot be tuned. 
This was considered an un¬ 
necessary requirement that 
would have lowered the Q 
and response of the filter 
Obviously, the wider shifts 
can be implemented, it de¬ 
sired, by switching in differ¬ 
ent component values. 

Although the specifica¬ 
tions in Table 1 indicate that 
100 Hz is the lowest fre¬ 
quency shift copyable, the 
TU will copy smaller shifts, 
depending only on adjacent 
channel interference and 
fading. As shown in Fig. 1, 
the skirts of the mark and 
space filters are not steep 
enough to provide more 
than 20-dB rejection at fre¬ 
quency shifts of less than 
100 Hz, but if the only signal 
in the passband is the de¬ 
sired one and feedthrough 
in the adjacent filter is not 
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excessive, smaller shifts are 
possible. 

At my QTH, the TU is in¬ 
terfaced to my TRS-80 com¬ 
puter through a Macro- 
tronics M80 unit. Only the 
space frequency is required 
for copy. However, this is 
not an advantage which al¬ 
lows only one channel of the 
RTTY signal to be processed 
from receiver to computer. 
Rather, if such a scheme is 
attempted on other than a 
clear FM channel, noise and 
interference will cause er¬ 
ratic copy and an amount of 
"garbage" which is directly 
proportional to the speed of 
the desired signal versus 
that of the noise/interfer¬ 
ence. This anomaly occurs 
due to the fact that, in a 
single-channel system which 
reacts only to the space sig¬ 
nal level, when the desired 
signal is not there (normal 
mark condition), a time span 
is open to receive any type 
of interference which might 
simulate a space signal. 

This problem can be mini¬ 
mized by clocking the de¬ 
sired signal only, but cannot 
be completely eliminated 
due to the variation which 
must be allowed for pulse 
timing Therefore, the sim¬ 
plest method of precluding 
the occurrence is to process 
the mark signal in the normal 
manner in the TU and use its 
detected level to keep the 
output from switching in the 
absence of a space signal. 

Of course, this method is 


not valid for copying CW us¬ 
ing the space frequency fil¬ 
ter. In this mode, we rely on 
the threshold control to set 
the switching circuit input to 
react to the desired signal 
level only, while the mark 
channel is switched off. Al¬ 
though the design allows the 
separation of desired and 
undesired signal levels to be 
within 0.2 volts of each 
other, the desired signal 
must always be the stronger 
for reliable copy. 

The facility for reversing 
mark and space filter out¬ 
puts for AFSK operation is 
included in the design; a 
Flesher FS-1 AFSK oscillator 
board is installed in the TU 
cabinet for transmitting in 
this mode on FM. 

Circuit Description 

Audio input for the TU is 
obtained from the receiver 
speaker jack, as shown in 
Fig. 3. A jack on the rear 
panel allows the connection 
of a speaker which can be 
turned off via a front-panel 
switch. Transformer T1 con¬ 
verts the 4/8-Ohm audio 
input to a 500/600-0hm im¬ 
pedance signal which is con¬ 
trolled in amplitude by a 
front-panel-mounted 5k pot 
and switched either to a 
phone-patch jack or the 
RTTY/TU position for the de¬ 
modulator. The 8.2k-Ohm 
resistor precludes loading 
down the U1 filter input, 
while the back-to-back diodes 
ensure that the input signal 
will be clipped at a level 
which precludes overdriving 
U1 

Relay K1 allows filter U1 
to be switched out of the cir¬ 
cuit to enable copying wide- 
shift signals outside of UVs 
passband. Bandpass filter 
U1 consists of a 2-pole con¬ 
figuration tuned to a center 
frequency (f D ) of 2210 Hz. 
Trimmers R1 and R2 allow 
the tuning of the filter poles, 
while the overall Q and gain 
of the circuit are controlled 
by the 27k-Ohm feedback 
resistors. The response with 
this filter, as shown in Fig 1, 
sets the overall bandpass ca¬ 
pabilities of the TU. Test 


point TP1 provides a con¬ 
venient monitoring point for 
the output of the bandpass 
filter. 

Limiter U2 captures the 
strongest signal provided at 
its input and maintains the 
output level of that signal 
despite a decrease in signal 
strength caused by fading or 
adjacent signal "pulling." 
The operation of the limiter 
circuit for varying signal 
levels is depicted in Fig. 2 
Trimmer R3 sets the offset 
voltage on pins 2 and 3 to 
plus six volts, while the 
390k-Ohm feedback resistor 
controls the gain and sym¬ 
metry of the limiter. The 
output of U2 is a symmetri¬ 
cal square wave monitored 
via TP2. 

Relay K2 allows the lim¬ 
iter to be switched out of the 
circuit for better reception 
of AM/CW-type signals. 
Transistor stage Q1 main¬ 
tains the signal level to the 
mark/space filters when U2 
is switched out and clipping 
diodes in the base circuit en¬ 
sure that the signal level 
does not reach a point at 
which the filters will be 
overdriven. When relay K2 is 
activated, relay K3 also 
switches input resistors to 
the mark/space filters to 
maintain appropriate signal 
level. 

The mark and space fil¬ 
ters, U3 and U4, operate 
similarly to bandpass filter 
U1. The mark frequency of 
2295 Hz is set by trimmers 
R4 and R5, while the space 
filter frequency of 2125 Hz 
(or other shift frequency) is 
set by two pots located on 
the front panel. The output 
of these filters is a sine wave 
which can be monitored at 
TP3 and TP4. 

Relay K4 allows the mark 
and space filter outputs into 
the detectors to be switched 
for AFSK or reverse-shift op¬ 
eration The detectors con¬ 
vert the sine waves from the 
filters to a doubled dc level 
and filter the remaining ac 
to ground Test points 5 and 
6 provide a means of moni¬ 
toring the detector output 
voltage and ensuring that 





Fig. 1. Circuit performance curves. 


both mark and space signals 
are equal in level. The 
diodes in the base circuit of 
Q2 and Q4 prevent any in¬ 
teraction between the de¬ 
tectors and transistors, while 
S7 deactivates the mark out¬ 
put for CW or space-only 
operation. 

Pot R9 is mounted on the 
front panel and sets the 
threshold level to Q4, which 
in turn determines at what 
point output transistor Q8 
will switch to "on." This ca¬ 
pability precludes triggering 
on interference or signals of 
the same frequency as that 
of the desired signal but 
lower in level. When S7 is in 
the open position, Q2 can¬ 
not receive the necessary 
bias to drive mark indicator 
Q3 into conduction or turn 
Q4 off, preventing an out¬ 
put. Thus, any interference 
in the mark channel during 
CW or space-only operation 
will not affect copy. 

When driven "on" by the 
detected space signal, Q4 
draws current and applies 
approximately 4.5 volts on 
the emitter. This voltage and 
available current then turn 
oh Q6 (to give an LED indi¬ 
cation of space) and Q7, 
which drives Q8 to the on 
state, switching the high in¬ 
put from the Macrotronics 
M80 interface key terminal 
to ground. 

Construction 

The TU circuitry was fab¬ 
ricated using a Radio Shack 
prototype board (which has 
solder pads for each hole) 
and point-to-point wiring. 
This is a time-consuming pro¬ 
cess requiring careful atten¬ 
tion to detail to prevent 
shorts. However, this proce¬ 
dure was adapted in lieu of 
the hassle of designing a 
printed-circuit pattern and 
to allow ease in circuit mod¬ 
ification between breadboard 
and final-design stages. 

Almost all parts are avail¬ 
able through local Radio 
Shack stores; the part num¬ 
bers listed are Radio Shack 
numbers. Major exceptions 
are the power-supply trans¬ 
former and the AFSK gener- 
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ator board. The power-sup¬ 
ply design is not shown since 
any supply of 500 milliamps 
or better will work. A regu¬ 
lated voltage is necessary to 
ensure constant filter pa¬ 
rameters; this requirement is 
easily accomplished via a 
12-volt, 1-Watt zener diode. 

Although Radio Shack 
stocks 12-volt transformers, 
these units are not enclosed 
in a metal shield. The metal 
case is necessary to prevent 
coupling of the ac field into 
the audio lines and circuit of 
the TU. Appropriate trans¬ 
formers are available from a 
number of supply houses 
such as Circuit Specialists 
or from local consumer 
electronics repair shops 
which handle Japanese 
equipment from Panasonic, 
Pioneer, etc. 

Vernier dials or 10-turn 
pots were considered for the 
space-filter tuning controls 
but not incorporated due to 
the increase in cost over the 
last year. However, good- 
quality pots are necessary 
to preclude dead spots or 
dropouts when tuning. The 
FS-1 AFSK oscillator board is 
available from Flesher Cor¬ 
poration, PO Box 976, 
Topeka KS 66601, with con¬ 
nector, for $37.50. 

Circuit-board wiring is not 
critical, with the exception 
that components such as ca¬ 
pacitors, which are located 
in each mark/space channel, 
should not be placed in close 
proximity to each other (to 
prevent adjacent-channel 
signal pickup). Those capaci¬ 
tors which function as fre¬ 
quency-determining compo¬ 
nents in the filter circuits 


should be of mylar™ or 
polyester construction while 
others may be of the disk 
type. 

Resistors are quarter- 
Watt, five percent, for mini¬ 
mum board-space require¬ 
ments. Sockets are used for 
all integrated circuits, but 
transistors are soldered di¬ 
rectly to the board. Intra¬ 
cabinet wiring for audio 
lines should be shielded and 
the power-supply ac wiring 
kept away from other ca¬ 
bles. The DIP relays should 
have a dab of contact ce¬ 
ment applied to each side 
where the relay touches the 
socket to ensure that vibra¬ 
tion does not cause them to 
rise out of the sockets. 

The Radio Shack Model 
270-253 cabinet provides 
just enough front-to-back 
space to mount the proto¬ 
type board and connector 
on the bottom of the chas¬ 
sis. There is space on either 
side of the board for the 
power supply and input- 
audio transformer. The 
AFSK board is mounted 
above the TU board with 
connector brackets made 
from thin aluminum stock 
and anchored by two of the 
front-panel switches and an 
L-bracket support from the 
rear panel. Intracabinet wir¬ 
ing is shown in Fig. 4. 

Power-supply wiring 
should be done first in the 
enclosure, followed by the 
TU-board connector wiring. 
Installation of the switches, 
pots, and jacks is then com¬ 
pleted, followed by installa¬ 
tion and wiring of the AFSK 
board/connector. The space- 
filter tuning pots are mount¬ 


ed in the front panel so that 
the left and right controls 
both have maximum fre¬ 
quency setting at a marking 
between the two. Wiring to 
the pots must be reversed 
on each to allow the left to 
operate in a clockwise direc¬ 
tion for maximum frequen¬ 
cy while the right pot is 
moved in a counterclock¬ 
wise direction for the same 
frequency. Decals or trans¬ 
fers should be applied to the 
front panel to indicate scale 
marks around the control 
knobs. 

Alignment 

After the normal checks 
for solder bridges and 
power-bus shorts, alignment 
can begin. None of the 
switches needs to be con¬ 
nected for calibration, but a 
shorting wire should be con¬ 
nected across the S7 diode if 
it is mounted on the board. 
Use temporary connections 
to the LEDs, which will be 
panel-mounted later. As a 
signal source, an audio sig¬ 
nal generator is required. If 
that piece of test equipment 
is not part of your inventory, 
you might consider building 
a breadboard variable audio 
generator using a function- 
generator integrated circuit 
or a 555 timer chip. 

Another option is to use 
the calibrator on your trans¬ 
ceiver and adjust the beat 
note to provide the neces¬ 
sary audio output. In any 
case, a frequency counter is 
required to ensure that what 
you see is what you get. The 
filters are extremely narrow 
and any alignment which is 
off the desired frequency 
will produce lower gain, dis¬ 
tortion, and undesirable op¬ 
erational characteristics. 

An oscilloscope is helpful 
in tracing the signal and con¬ 
firming relative waveshapes 
and amplitude. However, 
the Q of the filters, which 
makes precise tuning/align¬ 
ment essential, precludes 
the use of the scope for 
monitoring maximum filter 
response while calibrating. 
A VOM/VTVM with a dB 
scale is much simpler to use 




for this function. After 
coupling via a 0.1-uF 
capacitor from the ap¬ 
plicable test point, the 
meter will show the change 
in signal level as the filler is 
aligned to the input frequen¬ 
cy Any oscillation or false 
response will exhibit a 
higher-than-normal swing of 
the VOM needle and should 
be monitored by the 
oscilloscope. 

As a first step in the align¬ 
ment procedure, adjust R3 
for plus six volts at pins 2 
and 3 of limiter U2. Next, at¬ 
tach an input signal source 
of 2210 Hz to the input and 
couple (via a 0.1-uF capaci¬ 
tor) the output of filter U1 
from TP1 to the VOM/VTVM 
which has been set to the 
10-volt scale. Adjust R1 and 
R2 until the meter indicates 
maximum output at this fre¬ 
quency The 3-dB band¬ 
width will now be approxi¬ 
mately 160 Hz 

If you do not desire to 
copy anything other than 
170-Hz shift in Baudot or 
110-baud ASCII, the re¬ 
sponse of the filter is fine. 
However, if you desire to 
use the filter for 300-baud 
ASCII, you may wish to re¬ 
tune the bandwidth to in¬ 
crease the width and noise 
characteristics. This may be 
accomplished by alternate¬ 
ly changing the frequency of 
the input signal from 2125 
Hz to 2295 Hz and adjusting 
R1 and R2 for a meter read¬ 
ing 3 dB below the maxi¬ 
mum value obtained at 2210 
Hz Repeat this procedure 
until the meter reading at 
both the mark and space fre¬ 
quency is equal. 

As you change the input 
frequency from the lower to 
the higher frequency, you 
will notice that maximum 
gain is still at 2210 Hz, show¬ 
ing that the response has not 
been degraded but only wid¬ 
ened at the 3-dB point via 
stagger tuning. Note that 
this adjustment will not af¬ 
fect the capability of the 
bandpass filter to accept on¬ 
ly 170-Hz-or-less shifted 
signals. 

If a scope is available, 
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Fig. 2. Active filter response. 


check the output of the lim¬ 
iter, which should appear as 
a square wave of equal 
pulse widths. A check of the 
filter outputs should show a 
sine wave without distor¬ 
tion. Once the input signal 
has been set to the limiter 
capture level, which is 
matched to the limiting ef¬ 
fect of the diodes across the 
input and the gain of U1, 
there should be no notice¬ 
able change in output am¬ 
plitude for further increases 
in signal level 

Bandpass filter U3 is 
aligned at 2295 Hz in a man¬ 
ner similar to that accom¬ 
plished at U1. Use TP3, a 
0.1-uF capacitor, and adjust 
R4 and R5 for maximum me¬ 
ter indication. No further 
tuning for widening the re¬ 
sponse of this filter is 
required. 

Bandpass filter U4 is 
aligned during operation 
from the front panel by pots 
R6 and R7. After wiring the 
pots and connecting the 
leads to the circuit-board 
connector, ensure that a fre¬ 
quency range of 1800-2150 
Hz can be covered and that 
when both pots are set to the 
same frequency, the output 
level is approximately the 
same as that provided by U3 
at its center frequency. 

During the alignment pro¬ 
cedure, the appropriate indi¬ 
cator LEDs should have 
lighted as the filters were 
tuned. If all is well to this 
point, continue the align¬ 
ment. Otherwise, go back 


and determine where the 
problem exists. 

Set the input frequency 
for 2295 Hz and attach the 
meter leads across TP5 with 
the meter set to read 5.5 
volts dc. Record the indicat¬ 
ed value. Now, move the 
meter leads to TP6 and 
ground and change the in¬ 
put frequency to 2125 Hz. 
Adjust the front-panel filter 
controls for maximum me¬ 
ter indication and note the 
value. If the two readings 
are not the same, adjust R8 
and repeat the procedure. 
Note that equal output of 
the detectors is mainly de¬ 
pendent upon the alignment 
of U1 to pass equally both 
frequencies and the align¬ 
ment and gain of U3 and U4. 

Since the mark and space 
voltages drive different 
parts of the circuit after de¬ 
tection, you should check to 
ensure that both LEDs light 
with the same level of input 
signal. Set the signal genera¬ 
tor for 2125 Hz, tune the 
space filter for maximum 
output/LED brightness with 
the FSK/CW/AFSK/Reverse 
switch in the FSK position, 
and lower the generator lev¬ 
el until the LED is just light¬ 
ed. If the FSK switch is not 
yet wired into the circuit, 
the relay will still be in this 
position, unactivated. Now 
put the switch in the Reverse 
position, or apply 12 volts to 
the relay lead for K4, and 
note the brightness of the 
mark LED. If the mark and 
space LEDs do not light at 


the same level, adjust R8 un¬ 
til they do. 

Depending on whether 
you have used the mark or 
space signal to provide a 
high or low output the ap¬ 
propriate LED should illumi¬ 
nate when that signal is ap¬ 
plied to the input The out¬ 
put should measure either 
4.5 volts at the "1" jack or al¬ 
most zero at the "0" jack. 

Check the front-panel 
switches to ensure that they 
all work, activating the re¬ 
lays or switching the appro¬ 
priate parts of the circuit in 
or out. A continuity check 
with the VOM of the out¬ 
put/input jacks on the rear 
panel will prevent surprises 
after the cover is attached. 

Operation 

After a complete bench 
check and filter alignment, 
you are ready to place the 
TU on line and connect all 
the interfacing cables. On¬ 
line tests should start with 
reception of various RTTY 
signals to allow you to be¬ 
come familiar with the op¬ 
eration of the TU. Some ap¬ 
prehension was originally 
felt during the design phase 
about the ability to tune a 
signal into the mark chan¬ 
nel before tuning the space 
filter. Operation of the 
completed unit has shown 
that this is not really a con¬ 
cern and that the procedure 
is quickly learned. I had 
also previously installed a 
1-mA meter on the original 
space output LED of the 
Macrotronics M80 inter¬ 
face, which helps in the 
fine-tuning of the space fil¬ 
ter and displays the actual 
level of the switching signal 
from the TUI 

For normal RTTY opera¬ 
tion, with all filters and the 
limiter in operation, the 
audio-level control on the 
receiver need only be set in 
the low range, 2 or below, 
for a front-panel scale of 1 
to 10. The level control on 
the TU will then provide sat¬ 
isfactory copy for an S9 sig¬ 
nal when set about one-third 
of the way into its range It is 
important to ensure that the 






Fig. 3. Terminal unit sche¬ 
matic. Tl: 8-Ohm primary. 
600-Ohm secondary, or 
273-1380. Ul, U3, U4: quad 
op amp 276-1713. U2:741 op 
amp 276-007. Q1: 2030 
276-2030. Q2-Q7: 2N2222 
276-1617. Q8: 2N1305 
276-2007. K1-K4:12-V DIP re¬ 
lay 275-213. LEDs: jumbo 
276-021. All front-panel pots 
have linear taper; all others 
are miniature trimmers. 


input level is great enough 
to place the signal in the up¬ 
per portion of the limiter 
curve for reliable copy on 
fading signals. 

The threshold control is 
normally left in the extreme 
counterclockwise position 
unless it is being used to pre¬ 
vent triggering of an interfer¬ 
ing lower-level signal. Once 
the space filter controls are 
set to the approximate shift 
value by the front-panel 
markings, the signal can be 



tuned to give an indication 
on the mark LED. If correct¬ 
ly tuned, the meter on the 
M80 will show no deflection 
if there is no space signal. 
Depending on how close the 
original settings on the 


space filter controls were, 
the space LED may flicker 
or light with a corresponding 
M80 meter deflection. The 
tuning of the first and then 
second space-filter pole 
controls will display an 


equal mark/space LED in¬ 
tensity and maximum space 
signal on the meter. 

Printer or CRT copy 
should also be evident. 
Switching to AFSK/Reverse 
should reverse the mark/ 
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LED. This is due to the fact 
that AFSK mark and space 
frequencies are reversed for 
VHF operation. Therefore, 
the tuning of the filter con¬ 
trols must be monitored on 
the mark LED and the first 
tuning (if not channelized 
FM) done on the space LED 
and M80 meter. It is easiest 
to tune in the normal man¬ 
ner and then switch to AFSK 
For CW or AM signals on 
HF (such as AFSK), you may 
find that switching the limit¬ 
er out of the circuit will pro¬ 
vide better reception when 
noise or interference is pres¬ 
ent. When this is done, the 
input level should be adjust¬ 
ed to maintain a reliable 
switching point and com¬ 
pensate for the hold-in range 
Fig. 4. Cabinet wiring. of the switched-out limiter 

The same level adjustment 

space LED indication and ence in receiving AFSK, as Reverse position is that you should be made when 

meter response and print opposed to FSK, with the are now receiving the switching out the bandpass 

garbage The only differ- function switch in the AFSK/ 2125-Hz signal on the mark filter to copy shifts wider 

than 170 Hz. 

Referring to Fig. 4, the 
FSK/CW-AFSK transmit 
function switch makes all 
connections for the selected 
mode. The relay on the M80 
interface board is activated 
by the computer in transmit, 
but all relay contacts are 
brought to the TU for the ap¬ 
propriate mode connec¬ 
tions. In AFSK, the relay con¬ 
tacts are connected directly 
to the transmitter vfo. 1 In 
AFSK, the relay contacts are 
connected to provide a 
mark/space keying input to 
the Flesher AFSK board 
The CW output of the 
M80 interface is connected 
to the ID input of the F lesher 
board through a switching 
transistor which precludes 
transmitting the CW ID tone 
at the same time as the mark 
tone When the transmit 
function switch is in the 
AFSK position, the mark 
tone is on and a 2125-Hz sig¬ 
nal is sent to the transmitter 
The AFSK board has the ca¬ 
pability of supplying either 
850- or 170-Hz shift Since 
only 170-Hz shift is used at 
my QTH, the 170-Hz posi¬ 
tion is hard-wired on the 
AFSK board connector 


Description 
Plug-in circuit board 
44-pin card-edge connector 
Audio output transformer 
115/12-volt transformer 


LM3900 quad op amp 

741 op amp 

2N1305 transistor 

2N305 transistor 

2N222 transistor 

12-V subminiature DIP relay 

Jumbo LEDs 

LED holder 

12-V, 1-W zener 

Enclosure 

8-pin DIP socket 

14-pin DIP socket 

SPST toggle switch 

SPOT toggle switch 

2-positlon, 6-pole rotary switch 

1N270/1N34 diodes 

1N914 diodes 

220-uF (150-uF) electrolytic 

Rectifier diodes 

500k pot (place 270k fixed 

resistor across for 200k) 

5000hm trimmer 

5k pot 

AFSK board/kit 
AFSK board connector 
Miscellaneous fixed resistors 
Miscellaneous capacitors 
Knobs 
Phono jacks 


Radio Shack 
Radio Shack 
Radio Shack 
Circuit Specialists 
PO Box 3047 
Scottsdale AZ 85267 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Circuit Specialists 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
Radio Shack 
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Put a broad bandwidth 80M dipole in 24 ft with the 
SLINKY DIPOLE* antenna. Comparable lowSWR, space 
savings and performance on ALL HF bands, including 
SWL and WARC. Complete kit: 2 special 4" coils, 50' 
RG-58/U coax, balun kit, mounting hardware and 
instructions. Great for apartments, condominiums, motels 
and vacation use. Easy set up and adjustment. 

Ask for FREE antenna comparison sheet 


Blacksburg Group $67.95 postpaid |in u SA 

Box 242 Suite 500 Money Back Guarantee 

Blacksburg, Virginia 24060 Virginia residents >< , 

703/951-9030 add 4% sales tax K l 


Most rigs will take the low-Z 
output of the AFSK board, 
but both the levels are 
brought out to the rear 
panel for use as required 

The FM/HF switch selects 
both the audio and push-to- 
talk relay line from the 
desired transmitter When 
using the M80 interface unit 
with the M800 software, a 
PTT module is provided 
which automatically ac¬ 
tivates the transmitter. The 
M80 PTT output is the con¬ 
trol line which is switched in 
the TU. 

For CW operation, the 
CW/Space Only switch is 
used to inactivate the mark 
circuitry in the TU. Only the 
space LED is used for tuning 
with the filter controls, to 
provide maximum M80 me¬ 
ter deflection. The threshold 
control can be used to set 
the switching level to pre¬ 
vent lower-level adjacent- 
signal interference. In CW 
transmit, the transmit func¬ 
tion switch connects theCW 


output of the M80 through 
the TU switch to the trans¬ 
mitter key input This same 
connection is made for FSK 
Operation has been both 
gratifying and educational. 
It is interesting to watch the 
independent fading of mark 
versus space signals, as 
shown by LED brightness 
and M80 meter deflection 
The only other evidence of 
poor copy occurs when the 
signal of interest fades while 
a background signal, which 
was not heard before, in¬ 
creases in strength and cap¬ 
tures the limiter. Good copy 
has been obtained on low- 
level signals which are not 
strong enough to provide an 
LED indication.■ 


1. Specialized Communications 
Techniques, ARRL. 

2. “Active Bandpass Filter for 
RTTY.” Nat Stlnnette W4AYV, 
Ham Radio, April, 1979. 

3. “Welcome to the ‘80s," F. 
Dale Williams K3PUR, 73, July, 


, JUN’S ELECTRONICS, 

Our Prices Are Competitive 

800 - 882-1343 

For trades or other information call our 800 - 648-3962 
Culver City, CA headquarters in Culver City. Reno, NV 



KENWOOD TS-930S YAESU FT-ONE ICOMIC-751 

-Super Special - CUBIC 103 with power supply (quantities limited) -$895.00 

• We Service What We Sell • We Stock What We Advertise • 

Call Us On Our 800 Numbers For Our Specials! “Aqui Se Habla Espanol” 


3919 Sepulveda Blvd. 

460 E. Plumb Lane. *107 

In San Diego P.O. Box 1762 

Culver City, CA 90230 

Reno, Nevada 89502 

La Mesa. CA 92014 

(213)390-8003 

(702) 827-5732 

Call (714) 463-1886 

Mmi-Srti 9 00am lo 6 00 p m 

Tues-Sat 10 00 a m tt*4:00p.m 

M„n S,„ 1000, m to 5 00 p m 

















Wheeling and Dealing 
with Preamps 

For a switch i, from the remote hills of 
West Virginia comes a great antenna idea. 


Robert f. Brossman W8PMS 
115 Oakmont Hills 
Wheeling WV 26003 



An overall view of the completed preamp. 


A fter many years of 2- 
meter FM operation, I 
found myself increasingly 
interested in SSB operation 
on the lower portion of the 
band. After spending an 
evening in the shack with 
Don WB8ZTV and hearing 
for myself the potential of 
SSB and CW operation, I 
was soon the proud owner 
of a brand new all-mode rig. 

The old 11-element verti¬ 
cally-polarized beam soon 
went to its storage place 
(holding up tomato plants) 
and a homemade 6-element 
horizontal took its place on 
the tower. Local FM opera¬ 
tion was unaffected by this 
change, and contacts out to 
75-125 miles were possible 
with the 10-Watt output of 
the all-mode rig. 



Fig. 7. The approximate method of fabricating the double-sided printed circuit board base 
and shielding of the preamp. The shields are covered with copper foil "lids" that are 
soldered to the edges of the shield enclosures. The drawing also shows the mechanical 
details of the switching contacts. 
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A 4CX250 amplifier that 
provided around 300 Watts 
output in linear or Class C 
had been around for a while 
and this enabled occasional 
contacts in the range of 
150-200 miles Before any¬ 
one scoffs at the limits, let 
me remind them that this 
area of West Virginia is 
quite hilly and that I live 
well below the tops of 
the surrounding aforemen¬ 
tioned geographic features; 
hence, I felt reasonably 
pleased with the perfor¬ 
mance of my equipment. 

My only problem was lis¬ 
tening to Don run his week¬ 
ly SWOT net and realizing 
that I didn't hear half of the 
stations that he was rou¬ 
tinely conversing with week 
after week. Now, don't get 
me wrong, I fully realized 
that he had a superior loca¬ 
tion, stacked 88-element su¬ 
per whizbangs, and an an¬ 
tenna-mounted GaAsFET 
preamp, so I decided that 
my first project would be to 
try putting together a re¬ 
spectable preamp to mount 
at the antenna. 

After researching several 
articles on preamp con¬ 
struction, it became appar¬ 
ent that one of the major 
problems and least dis¬ 
cussed chores associated 
with remote devices such as 
this was switching the pre¬ 
amp in and out of the trans¬ 
mission line during use. 







A detailed view of the input contacts of the preamp. The Some details of the output end of the preamp. The relay 
glass feedthroughs are visible, and the method of attaching contacts and the mounting of the solenoid are seen. The 
the relay contacts to the feedthroughs can be seen. copper foil covers of the preamp shields are not in place. 


Being a peculiar type of 
person that hates to cut and 
strip coax for BNC connec¬ 
tors, I felt that there had to 
be another means of switch¬ 
ing a device like a preamp 
without the need for multi¬ 
tudes of '/4-wave cables 
and 2 BNC-type relays. 
What could be simpler than 
making the whole PC board 
(containing the preamp cir¬ 
cuits) switch back and forth 
with a solenoid? 

After several attempts, the 
mechanical layout shown in 
Fig. 1 was produced. The rf 
circuit does not represent 
the state-of-the-art in VHF rf 
amplifiers, but it does serve 
to illustrate the concept. 
With the addition of a few 
more contact strips, it 
would be possible to ei¬ 
ther ground the input and 
output of the preamp dur¬ 
ing transmission or switch 
them to ground through 
50-Ohm resistors. The latter 
method seems to be the 
manner of choice when us¬ 
ing GaAsFETs. 

The preamp is switched 
out of the transmission line 
until the solenoid is ener¬ 
gized. Power for the pre¬ 
amp is now supplied sepa¬ 
rately through an extra pair 
of wires in the antenna ro¬ 
tor cable. A 24-volt-dc sup- 
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ply is used, and an LM317 
adjustable voltage regula¬ 
tor is now inside the pre¬ 
amp box. Remember to in¬ 
clude the bypass capacitors 
on the regulator input and 
output. The solenoid is also 
shunted with a 1N4004 di¬ 
ode to protect against the 
voltage spike produced 
when the magnetic field 
collapses on turn-off. 

Isolation of the preamp 
circuit during transmission 
is at least as good as some 
of the VHF BNC relays and 
could be increased by phys¬ 
ically increasing the spac¬ 
ing between contacts. The 
design routes the rf path 
during transmission to the 
underside of the double¬ 
sided PC board where it 
forms an air-insulated trough¬ 
line between the PC board 
and the diecast box. Grant¬ 
ed, there would be other 
ways to improve the im¬ 
pedance bump that this 
arrangement produces, but 
it is no worse than the aver¬ 
age swr indicator. 

I plan to eventually dedi¬ 
cate an MCF-1400 GaAsFET 
to the MRF-901's role, but it 
did provide a wealth of ex¬ 
perience in rf amplifier de¬ 
sign at a low cost. The orig¬ 
inal circuit (Fig. 2) proved 
to be extremely unstable. 


even with several changes 
of transistors, and the cir¬ 
cuit of Fig. 3 eventually 
evolved. It was much easier 
to tame while still providing 
usable gain. The instability 
is a function of the device 
and only means that the 
MRF-901 is really a poor 
choice for a 2-meter rf 
preamp. Anyone who would 
like to check out that state¬ 
ment is referred to an article 
by B. H. Krauss WA2GFP, in 
the December, 1981, issue 
of QEX. 

Construction 

The circuit is mounted in¬ 


side a diecast metal box ap¬ 
proximately 4.5" x 2.5" X 
1" (Hammond 1590B). Input 
and output connectors 
shown are SO-239, but BNC- 
or N-types are easily substi¬ 
tuted. A fine saw is used to 
cut a slit in the center pin of 
the connector in order to 
mount the fixed contactor 
(salvaged from a 5-Amp 
DPDT relay). The saw 
blades are available from 
X-acto® and can be found 
in any hobby or hardware 
store. 

The feedthrough connec¬ 
tors are an item I picked up 
in a flea market and are 



Fig. 2. The original circuit diagram. The MRF-901 proved to 
be very unstable in this configuration. 







Fig. 3. The final circuit that was used in this version. It is rea¬ 
sonably stable once the initial tune-up is completed. It is 
much more narrow-banded than the original. 


glass insulated. They repre- brass grommets. These are 
sent the only parts that available anyplace that 
might have to be specially sells sewing supplies. The 
fabricated and might be silver contacts for the relay 
substituted by using brass end should be soldered to 
rod epoxied in the center of the rod before trying to fill 


in the epoxy resin. I made of pushing the PC board into 

loads of these for feed- its preamp position. There is 

through use years ago, and sufficient spring tension to 

they can be made by stick- return the PC board to the 

ing the rod into a wax block neutral, or transmit, position 

[paraffin cannePs wax), cen- when power is removed from 

tering the grommet, and fill- the solenoid. Radio Shack is 

ing in the center of the currently selling a 12-volt 

grommet with epoxy on a solenoid that should be 

small screwdriver blade. usable. 

The PC board is mount- A final construction tip is 
ed on a pair of brass rails to drill and tap a hole on the 

that act as guides during end of the diecast box that 

the mechanical shifting. A will allow you to run a'4-20 

springy piece of finger stock screw into the shielding to 

maintains a good ground manually switch the pre¬ 
contact on the underside of amp to receive position 

the PC board during opera- during tune-up. 

tion. Teflon® blocks are at- I would not recommend 
tached to the side rails and trying to use the Hammond 

are used to hold the PC box out in the weather. It is 

board. Any method that will not waterproof, and the sol- 

permit good electrical con- enoid, having a steel arma- 

tact with freedom of motion ture, will probably rust and 

should suffice. freeze up if used where it 

The solenoid used is a can get wet The whole as- 

Ledex #12180133-REV A. It sembly should be packaged 

just surfaced in the junk box; inside a weatherproof en- 

however, it is possible to closure of metal or plastic if 

modify any screw-mounted it is mounted at the anten- 

solenoid to perform the task na. ■ 




AVAILABLE 
IN 250-500-1000 
FT- ROLLS 
OR BY THE FOOT 


SATELLITE CONTROL CABLE 


3 TYPES AVAILABLE!!! 


TYPE1 

, (General Purpose) 

1 — RG59/U 96% 

Copper Braid 
31 5 @ 22-Gauge 

2 @ 22-Gauge 

Shielded plus 
Tinned Coppei 
Drain Wire 
2 @ 18-Gauge 


TYPE 2 

(MTI) 

1 - RG59/U 96% 

Copper Braid 

2 @ 12-Gauge 

3 @ 18-Gauge 
3 @ 20-Gauge 

Shielded plus 
Tinned Copper 
Drain Wire 

3 © 22-Gauge Shielded 


TYPE 3 

(Intersat) 

2 —RG59/U 96% 
Copper Braid 

2 @ 12 Gauge 
6 @ 18-Gauge 

3 @ 22-Gauge 

Shielded plus 
Tinned Copper 


Designed for easy, one-step installation, providing tl 
required cables for most earth station equipment... i 
in a direct burial jacket. 


Only Nemal offers the quality construction RG59/U 
copper shielding made to mil spec JAN C-17,12-gauge 
conductors, tinned copper drain wires, and a true direct 
burial jacket. 


NEMAL ELECTRONICS, INC. 

12240 N.E. 14th AVE., NO. MIAMI, FL 33161 
Telephone: (305) 893-3924 

■ Also available: Complete line of coaxial and multi-conductor 
cables, top-quality connectors and SMATV equipment 
FRANCHISED DISTRIBUTOR KINGS CONNECTORS AUTHORIZED AMPHENOL DISTRIBUTOR 1 

• Call or write tor compete dealer pricing 









73 INTERNATIONAL 


Each month, 73 brings you 
ham radio news from around the 
world. In this collection of re¬ 
ports from our foreign corre¬ 
spondents, we present the lat¬ 
est news in DX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams in other 
countries. 

If you would like to contribute 
to your country's column, write 
to your country's correspondent 
or to 73: Amateur Radio’s 
Technical Journal, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Jack Burnett. 


I I 


sions to our frequencies of operation, two 
of which should be of Interest to OX opera¬ 
tors, considering the downturn In the sun- 

window of 3795 to 3800 on 60 meters. 

When listening, please don't forget that 
our Novice operators can operate only on 
10 meters up to 28800. on 15 meters up to 
21200, and 80 meters up to 3825. With only 
30 Watts PEP output allowed, you will 

the band conditions of late. 

to our Federal Awards Manager. Reg 
Dwyer VK1BR, PO Box 238, Jamison, Aus¬ 
tralian Capital Territory 2614, Australia. 


Central Fllatellca, Edlficlo-Sede. ECT, 
SBN. Conjunto 3, Bloco A, 20* andar. 
70002 Brasilia. DF, Brazil. 

144-MHz EXPEDITIONS 
During the last weekend of June, 1984, 
will be held the Third 144-MHz Expedi¬ 
tions, an event which brings together Bra¬ 
zilian operators Interested In propagation 
experiences on the two-meter band. The 
expedltloners reach the top of the higher 


FRANCE 

Claude Guee FIDGY 
11 Rue Emile Lablche 
28100 Dreux 


charge (why not!), and no official OK for 
an antenna. So, till then, don’t be afraid to 
receive some French SWL QSLs with calls 
like REF. URC, or eventually, FEM. instead 


BRAZIL 

Gerson Rlssln PY1APS 
PO Box 12178, Copacabana 
20000 Rio de Janeiro. RJ 


Sponsored by LABRE in the state of 
Mato Grosso do Sul. the DMS Award is 

follows: South American countries: 10 
contacts; other countries: 5 contacts. 
QSOs musl have been made after Febru¬ 
ary 2,1978, on any amateur band and any 
mode. No QSLs; send GCR list of PT9 sta¬ 
tions worked (call. date, time, band, mode, 


70-CM BAND 

In 1984. a new band plan will be used for 
a maritime radio-navigation system called 
Syledis. French hams living near coasts 
and harbors are rather worried; they have 
to share the 430-434-MHz part exactly in 
the new UHF repeater's band. Some years 
ago, this part was unused. Fortunately. 
Syledis is known as a very excellent sys- 
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David A. Smith W8YZ 
5 30 Hollywood Drive 
Monroe Ml 48161 


How to Have a 
Sunny Field Day 

When Michigan hams turned to solar power , they got more 
than they asked for. Does success mean anything? 


O ur club, The Monroe 
County Radio Com¬ 
munications Association, has 
always earned the natu¬ 
ral-power bonus points at 
Field Day by hand-cranking 
a generator and using the 
power produced to operate 
a 5-Watt CW QRP rig. Be¬ 
lieve me, it takes real con¬ 


centration on the handles 
when the operator keys 
down to adjust the antenna 
tuner. 

Well, to a radio ham who 
is always looking for a better 
way to improve a station, it 
seemed that there had to be 
a better way to earn the bo¬ 
nus points. I had seen a dem¬ 


onstration of photovoltaic 
power at a local hamfest 
and it sure seemed like a 
better way to go. 

We contacted Mr. Paul 
DeNapoli WD8AHO, the 
Communications Director 
for The Encon Corporation 
(27600 Schoolcraft Road, Li¬ 
vonia Ml 48150, (313J-523- 
1850). Paul was glad for the 
opportunity to demonstrate 
his company's products. To 
our surprise, he told us to 
plan on running at least one 
solid-state rig of the 200- 
Watt class for the entire pe¬ 
riod on equipment that he 
would loan us for demon¬ 
stration purposes. We ex¬ 
pected only to run a hand¬ 
held on 2 meters for five 
contacts. 

We took Paul at his word. 
One of our members sup¬ 
plied an Icom IC-740 for the 
project This station was to 
be operated on both 80-me- 
ter phone and CW with ca¬ 
pability for other bands as 
well. We planned to use it 
around the clock. 

The equipment provided 


by Encon was four Exide re¬ 
newable-energy, deep-cycle, 
6-volt batteries connected in 
series parallel, 12 V dc @ 
370-Ah storage, an Encon 
charge controller, and three 
Encon solar panels each 
measuring 17 by 42 inches. 
The latter were mounted on 
an aluminum framework 
and pointed south under 
Paul's direction. We expect¬ 
ed to need to rotate the 
framework to follow the 
sun, but Paul explained that 
this was not needed. 

We started Field-Day op¬ 
eration using the mad-scram- 
ble technique which permits 
27 hours of operation. The 
solar installation proved to 
be easier to set up than a gas 
generator. Paul brought the 
whole installation to our site 
in the back of a compact au¬ 
tomobile. All that was need¬ 
ed was to make several 
connections to the rig and 
batteries with #10 copper 
wire and aim the panels 
south. 

We were quickly able to 
make the needed 5 contacts 



Battery box, charge controller, and solar panel with (from left 
to right) Paul DeNapoli WD8AHO, Lee Loose KD8DA, Dave 
Smith W8YZ, and Ron Loveland KA8RNE. 
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for the natural-power bonus 
points. Everything was work¬ 
ing fine and we continued to 
operate the station full bore 
on both phone and CW. 

The charge controller sup¬ 
plied by Encon had a battery 
voltmeter as well as a sepa¬ 
rate charge and discharge 
ammeter. The voltage re¬ 
mained at a steady 13.4 
' volts while the charge indi¬ 
cator indicated between 1 
and 6 Amperes to charge. 
This was due to the periodic 
cloud coverage. Under full 
sun, we had 6.6 Amps. The 
output ammeter fluctuated 
wildly between 1 and 20 
Amperes while we were op¬ 
erating! 

The station was on the air 
all night and of course there 
was no charge current to 
the batteries. The voltage 
dropped to 12.6 volts. This 
was quickly recovered, how¬ 
ever, with the batteries top¬ 
ping off at full charge by 10 
am. The charging current 
from the panel array was 6.6 
Amperes. 

It became clear at this 
point that the three panels 
and batteries were large 
enough to run at least one 
more rig. We had failed to 
consider how low the full- 
current duty cycle is with 
solid-state amateur gear, 
even during a contest. 

Considering the advan¬ 
tages of solar power for 
Field Day, one must think 
beyond multipliers and bo¬ 
nus points. For example, 
there were a couple of times 
when the solar station was 
the only station operating, 
once because of a break¬ 
down of a generator when a 
spark plug fouled and an¬ 
other time when there was a 
fuel-line blockage. It was 
clear that the solar installa¬ 
tion is far superior for 
emergency applications. Al¬ 
so, there was no ignition 
noise to contend with when 
the generator failed. The 
"ears" on the solar station 
got even better. 

This demonstration of am¬ 
ateur radio was well covered 


by the press with all area 
papers giving it attention. 
The county's general-cov¬ 
erage paper, The Monroe 
Evening News, did a half¬ 
page photo story on our 
Field Day with particular 
emphasis on the solar-power 
aspect. This publicity got a 
lot of attention for our hob¬ 
by and provided many op¬ 
portunities for the club 
members to explain to their 
friends the hobby with its 
unique emergency capa¬ 
bilities. 

One response is most in¬ 
teresting. The local power 
company contacted the 
club and offered to "do 
whatever is needed," in¬ 
cluding setting poles and 
transformers free of charge 
and providing free power, 
for any future field activities 
of the club. They wish to em¬ 
phasize the dependability of 
commercial power. 

In Michigan, users pay a 
penalty for "excess use" of 
electricity. Consumption be¬ 
yond 810 kwh is charged at a 
rate of 14<f a kwh. This 
means that any optional use 
of electricity such as am¬ 
ateur radio must be consid¬ 
ered to cost the penalty rate. 
Nearly every ham I know 
has a part of his electrical 
consumption in the "excess" 
category; any home applica¬ 
tion of photovoltaics must 
take into account ham oper¬ 
ating at the penalty rate. 

Also, hams who are es¬ 
pecially interested in emer¬ 
gency preparedness would 
do well to consider the 
potential of photovoltaic 
power for their home sta¬ 
tions. After all, a widespread 
outage of commercial pow¬ 
er would have no effect on 
an operational photovoltaic 
system, while the demands 
upon a ham who was need¬ 
ed to send health and wel¬ 
fare traffic might well in¬ 
clude cleaning spark plugs 
and gas lines of infrequently 
used equipment before the 
traffic could be sent. Clear¬ 
ly, there is an advantage in 
using something that works 
every day of the year. ■ 



View of charge controller and battery box. 


’MAXCOM’ 

AUTOMATIC ANTENNA 


MATCHER 



MATCHES ONE ANTENNA 
DIPOLE OR LONGWIRE 

.3 TO 70 MHZ. 

VSWR LESS THAN 1.5:1 

* INSTANT MATCHING * 

* NO CONTROL LEADS * 

* 5 YEAR WARRANTY * 

CONTACT : 

MAGNUM DISTRIBUTORS INC. 

1000 3. DIXIE HY. W. * 3 
POMPANO 8CH. PL. 33000 
305-733-2002 TLX 314305 
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L B. Cebik W4RNL 
5105 Holston Hills Road 
Knoxville TN 37914 


Painless Op-Amp Filter Design 

Custom applications can be easy, just follow this 
step-by-step guide to a perfect triple op-amp filter. 


T he triple op-amp audio 
filter has become a stan¬ 
dard, not only in amateur 
circles but in commercial 
design as well. Easy to de¬ 
sign and nearly foolproof in 
construction, the various 
configurations of this filter 
have found their way into a 
large percentage of existing 
ham shacks, either hidden 
within a transceiver or sit¬ 
ting on the speaker as an 
audio adjunct. Numerous 
small companies offer post¬ 
receiver audio units using 
from one to eight filter units. 

Even though popular, op- 
amp filters seem to confuse 
most ham builders. Despite 
the low cost of parts, few 
hams build their own. A sim¬ 
ple but effective single filter 
with a bandpass of between 
100 and 200 Hertz would 
cost about $10.00 for parts, 
excluding the case and pow¬ 
er supply, which together 


might double the cost. This 
is a small investment in 
selectivity, considering what 
one might learn in the pro¬ 
cess. Still, there are few 
takers. 

Part of the problem stems 
from the volume of material 
that has been written about 
triple op-amp filters. There 
are at least three semi-dis¬ 
tinct configurations of these 
filters, but only two dif¬ 
ferent models. However, be¬ 
cause designers recast sche¬ 
matic diagrams in different 
ways, the average ham 
comes to believe there may 
be dozens of models. Going 
even further, different 
designers choose different 
circuit values without ex¬ 
plaining their choices; the 
variations seem to grow 
without limit and without 
any clear sense. The avail¬ 
able books on filter design 



mire the ham builder in the¬ 
oretical design math while 
simultaneously claiming 
simplicity. There is some 
necessary math to designing 
a personally-satisfying triple 
op-amp filter, but it is 
straightforward hand-calcu¬ 
lator stuff. 

For the CW buff, most of 
the existing designs have 
limitations. Many are fixed- 
frequency units allowing no 
tuning to please the ear. The 
units that permit tuning tend 
to cover 300 to over 3000 
Hz, a fine range for the SSB 
fan who can use high- and 
low-pass capabilities built 
into the filter, but ex¬ 
traneous for CW. A filter 
that covers a span ranging 
from 300 to 400 Hz at the 
bottom to perhaps 1200 Hz 
at the top would reach two 
goals. First, the filter would 
cover the main receiver 
passband for CW, which 


runs (depending upon pref¬ 
erence) from 400 to 800 Hz 
wide. Second, the filter 
would spread its narrower 
tuning range across the filter 
frequency dial, permitting 
the operator to find more 
easily the desired signal. 
Unfortunately, most home¬ 
brew designers have merely 
guessed their way into a 
tuning range. 

There is a very direct and 
easy-to-follow procedure for 
designing triple op-amp fil¬ 
ters in the ham shack, Not 
only will the procedure en¬ 
sure a filter that works, but 
also it will allow the builder 
to refine the filter's tuning 
range to his desires. The fol¬ 
lowing notes present a pro¬ 
cedure used to design sever¬ 
al dozens of different filters 
for experimental, evalua¬ 
tive, and operational use, 
and those who have tried 
the procedure claim they 



Fig. 1. The basic bi-quad filter. 
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Fig. 2. A basic state-variable filter(-SVF). 






have finally made a filter 
that works and that they 
like. The procedure even in¬ 
cludes steps that show how 
to let a hand calculator do 
most of the work. 

Some Op-Amp Basics 

There are many triple op- 
amp filter designs but only 
two fairly distinct types. Un¬ 
fortunately, the history of 
op-amp filter terminology 
has obscured the subject. 
Originally, the mathemati¬ 
cal methods of designing fil¬ 
ters gave rise to the name 
"bi-quad" as a label for all 
designs Newer derivations 
yielded the name "state- 
variable filter." For some, 
these names refer only to 
the design methods; for oth¬ 
ers, they refer to circuit con¬ 
figurations. At the risk of 
arousing the wrath of some 
professional designers, let's 
follow the latter course. 

The bi-quad (or B-Q) ap¬ 
pears in Fig. 1. Note that the 
input op amp is an in¬ 
tegrator, as is the third op 
amp. (Theory aside, an in¬ 
tegrator circuit is little more 
than an op amp whose feed¬ 
back is provided by a 
capacitor rather than a 
resistor.) The middle op amp 
is an inverter, and we take 
our bandpass output from 
this stage. Feedback from 
the first and third stages is 
fed back to the first stage in¬ 
put. By controlling the 
amount of feedback from 
one of these stages, the first, 
we control both the gain and 
the Q or selectivity of the 
filter. The components 
marked RF1, CF1, RF2, and 
CF2 control the frequency 
of the filter. 

Fig. 2 shows the other tri¬ 
ple op-amp filter design. The 
state-variable filter (or 
— SVF, with the minus sign 


to be explained very soon) 
also consists of two inte¬ 
grators, but this time in posi¬ 
tions two and three, with a 
summing amplifier as the in¬ 
put stage. Feedback from 
the integrators combines 
with the input signal at the 
inverting or negative input 
of the first op amp. We con¬ 
trol the gain and Q of the 
filter by the ratio of resistors 
R4 and R5, and we set the 
frequency by the compo¬ 
nents marked to correspond 
to those in the B-Q filter. 
Bandpass output comes 
from the middle stage, this 
time an integrator. Unlike 
the B-Q filter, the —SVF 
design provides high-pass 
and low-pass outputs, but at 
different signal levels than 
the bandpass output. 

The —SVF filter has a 
near twin which we can call 
the +SVF. Fig. 3 shows the 
configuration. The major 
difference between the 
SVFs is that this version 
feeds the input signal to the 
non-inverting or positive in¬ 
put of the summing op amp. 
(The reason for the labels 
+ SVF and -SVF should 
now be clear.) Cain and Q 
feedback also return to this 
pin, now being controlled by 
the ratio of R4 to R1. 
Although this filter belongs 
in the SVF family, some of 
its components require 
slightly different values 
from its brother, and the 
gain vs. Q characteristics 
will differ. Otherwise, it 
works perfectly well. 

The B-Q and SVF filters 
have different properties 
that, for various needs 
around the shack, give one 
advantages over the other. 
First, both SVF filters will 
have a constant Q and gain 
throughout their tuning 
ranges. This means that the 


bandwidth, when measured 
in Flertz, will increase as the 
filter frequency increases. In 
contrast, the B-Q filter has a 
constant bandwidth in Hertz, 
but consequently increases 
in Q and gain with frequen¬ 
cy. For fixed-frequency 
filters, this phenomenon is 
meaningless, but for tunable 
filters, it is important. The 
constant output of the SVF 
designs makes follow-up 
amplification simple. How¬ 
ever, every SVF section (i.e., 
three op-amp filter) requires 
a dual potentiometer to 
change RF1 and RF2 to¬ 
gether. 

The B-Q filter is tunable in 
the same way but may also 
be tuned by changing just 
RF1. Since, like virtually all 
other filter sections, these 
filters will ring if the Q is 
very high, we can cascade 
two lower Q B-Q sections 
for a sharper bandpass using 
only one dual pot. Dual pots 
are hard enough to find; 
four-section pots in audio 
(log) taper are nearly impos¬ 
sible to come by, being 
either inaccessible or very 
expensive (which amounts 
to the same thing for most 
of us). A newer variety of op 
amp, the operational trans¬ 
conductance amplifier 
(OTA), promises to relieve 
us of these problems, but 
few practical ham designs 
using the device have yet to 
appear 

Notice that there is no 
clear winner in the contest 
between the B-Q and the 
SVF filters. Rather, we must 
design around their limita¬ 
tions. For example, we can 


overcome the gain change 
of the B-Q filter by making 
the Q resistor, R4, variable, 
or by following the filter 
with a limiting amplifier 
such as the one in Fig. 4 This 
is the W4MLE variable-com¬ 
pression version of the 
N6WA Audio Elixir (See 73 
for September, 1979, p 116, 
and November, 1982, p. 32.) 
Until OTAs become more 
common, there is no way to 
solve the multiple-pot prob¬ 
lem of cascaded SVFs; how¬ 
ever. for most work on CW, 
a single-section, moderate-Q 
filter requiring just one dual 
pot will do wonders A Q of 
20 theoretically yields a 
half-power bandwidth of 
just 30 Hz at 600-Hz center 
frequency. Even allowing 
for low-precision compo¬ 
nents, we do not need exces¬ 
sively high Q filters to en¬ 
hance CW. In practice, de¬ 
sign Qs in the range of 15 to 
20 will yield —6 dB (half¬ 
voltage) bandwidths in the 
100-to-120-Hz range for a 
600-Hz center frequency. 

Designing Your Filter 

In Fig. 1 through Fig. 3, 
components having com¬ 
parable duties have the 
same designation. For all de¬ 
signs, the frequency-deter¬ 
mining components are the 
same although differently 
placed. R2 and R3 provide 
feedback and can be treated 
as alike in all three cases. In 
the — SVF design, R1 equals 
the feedback resistors, while 
in the +SVF version, it will 
be half their value. In the 
B-Q, the input resistor can 
equal the feedback resistors 




Fig. 4. A limiter/compressor for post-filter amplifying. 
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Fig. 3. A basic state-variable filter (+SVF). 



State-Variable State-Variable 

Filter Type Inverting input Non-Inverting Input 

Schematic Fig. 2 Fig. 3 

Frequency F c = 1/2piR,C, F c = 1/2piR f C f 

Frequency-determining 

resistors RF1 = RF2 RF1 = RF2 

Frequency-determining 

capacitors CF1=CF2 CF1=CF2 

Bias resistors R1 = R2 = R3 R2=R3 = 2R1 

Q-determining resistors R4 = R5(3Q -1) R4= R1 (2Q-1) 

Q Q = (R4 + R5)/3R5 Q = (R4 + R1)/2R1 

Gain(A 0 =E 0Ut /E in ) A 0 = Q A 0 = 2Q 

Non-inverting input 

bias resistors N/A Fig. 6, Norton amplifier 

configuration only 
R6=R5 = 2R, 

Fig. 5. A comparison of filter design relationships. 


Bi-Quad 
Fig. 1 

F c =1/2piR,C, 
RF1 = RF2 

CF1 =CF2 
R1=R2 = R3 
R4= R1Q 
Q = R4/R1 
A 0 = Q 

N/A 


ham models of op-amp fil¬ 
ters is not possible. Very 
good performance is possi¬ 
ble and practical. Since we 
will aim at good though 
imperfect performance, we 
can take a few liberties with 
absolute precision at some 
points to gain better preci¬ 
sion at points more impor¬ 
tant to hams. 

Second, one of the most 
evident shortcomings of 
home-brew filter designs is 
the fact that tuning controls 
for frequency and Q rarely 
cover the most desirable 
ranges. The techniques for 
designing filters are easy, 
but almost never described. 


or vary somewhat from their 
value according to the 
needs of the Q relationship. 
Only in the -SVF design 
does Q leave the input resis¬ 
tor unaffected, being deter¬ 
mined by the relationship 
between R4 and R5. In the 
other designs, the input re¬ 
sistor will be a compromise 
(if needed) between the dic¬ 
tates of Q and the desired 
situation of having the input 
resistor correctly related to 
the feedback resistors. 

This discussion may make 
designing a filter appear dif¬ 
ficult. In fact, design is quite 
easy if done according to a 
straightforward procedure. 
Taken step by step, the pro¬ 
cedure almost ensures satis¬ 
fying success. Let's start 
with some basic relation¬ 
ships, as shown in Fig. 5. 

This table reveals where 
the differences between de¬ 
signs will occur. Calculating 
R4 will be slightly different 
for each case. Notice that 
the +SVF filter has twice 
the gain of the other de¬ 
signs for a given Q. This may 
or may not be an advantage. 
For a filter inserted between 


the detector and audio am¬ 
plifier of a receiver, the dou¬ 
bled gain with a low-level 
input can be useful. For 
post-receiver use with nor¬ 
mal speaker input to the 
filter, the lower gain of the 
— SVF and B-Q designs may 
be more than we need. In all 
cases, we should have a 
means of varying the input 
level. 

Aside from these points, 
design of the three-filter ver¬ 
sions will be nearly identi¬ 
cal. The first step is to think 
about the ICs we will use. 
The LM324 is perhaps stan¬ 
dard for both single- and 
dual-voltage supply applica¬ 
tions. Its current require¬ 
ments are relatively small 
and it is easy to handle. The 
TL084 is an FET input ver¬ 
sion with an identical pin¬ 
out; its current requirements 
are even less. The 3900 Nor¬ 
ton amplifier also is popular 
in single-voltage designs, 
but its biasing is different. 
Fig. 6 shows the basic con¬ 
figuration of the +SVF 
design with Norton biasing. 
Notice the additional for¬ 
mula that sets the values of 



the bias resistors to the non- Third, the current crop of 
inverting positive op-amp in- op amps available for fil- 
puts. Otherwise, our work ter work is very forgiving 
will be the same as for when we compare the pre¬ 
regular op amps. cise operating level to over- 

Much of the available lit- all filter performance, 
erature on filters is still writ- Hence, we can set our own 
ten in terms of the relatively priorities when establishing 
high current 741 op amp. a design procedure. In fact, 
Hence, about the highest feel free to modify the fol- 
value shown for feedback lowing procedure to suit 
resistors is 10k. In fact, 10k personal needs and desires, 
should be about the mini- While the procedure in- 
mum value for R1, R2, and volves twelve individual 
R3. Something approaching steps, they cover only three 
100k is more appropriate, al- areas of concern: setting the 
though we will not freeze frequency or tuning range of 
that value at this point. In- the filter, ensuring correct 
stead, we will start by select- feedback, and setting the se- 
ing an op amp and the de- lectivity and gain of the fil- 
sired frequency range. ter. With a few reservations 

This differs from textbook noted in the procedure steps, 
procedures, but for good these are almost indepen- 

reasons. First, the ham dent design operations. To 

builder ordinarily has access make the procedure more 
to components with 5% or thoroughly clear, let's step 
10% tolerances rather than through it, working an exam- 
the 1 % and .1 % tolerances pie as we go along, 
commercial designers pre¬ 
fer. Consequently, absolute Twelve-Step Filter Design 
peak performance from Step 1 Select an op amp. 



Fig. 6. A +SVF filter using the 3900 Norton amplifier. 
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Fig. 7. Setting up the 324 for filter design. 




In this case, let's use the re¬ 
liable LM324. 

Step 2. Select a circuit. 
We can start with the — SVF 
of Fig. 2 and later see what 
happens when we convert 
the design to the other cir¬ 
cuits. 

Step 3. Choose a power 
supply. In this example, we 
have chosen a single 12-volt 
source. This forces us to pro¬ 
vide a voltage divider to 
feed the positive input lines 
that we would directly 
ground if we used a dual 
supply. Fig. 7 shows the ba¬ 
sic configuration of our cir¬ 
cuit, with the 324 pins and 
power connections drawn in. 

Step 4. Choose a frequen¬ 
cy range. For CW, let's try 
300 to 1200 Hz. 

Step 5. Find the center fre¬ 
quency, F c . This is our first 
calculation. Let k be the ra¬ 
tio of the highest (Fhi) and 
lowest (F| 0 ) frequencies of 
our chosen range. Then: 
k = F hl /F to = 1200/300 = 4. 

The square root of k is 2 
(and let s call this ks) If we 
have not made a mistake, 
then F c = Fhu'ks = F]<jks 
12(H) 2 = 300 x 2 = 600 Hz. 

This is the design center 
of our filter. Since the filter 
is tunable, let's next turn to 
the task of being sure it 
tunes exactly the range we 
want it to tune. 

Step 6. Choose a dual pot 
to tune the filter. This is a 
practical decision Since we 
have already said that we 
would like to keep the feed¬ 
back resistors well above 
10k and hopefully near 
100k, a dual 500k pot would 
be nice. Dual 100k audio-ta¬ 
per pots may be more acces¬ 
sible, so let's see what hap¬ 
pens if we use this value. 

Step 7. Calculate Rhi and 
R|„. In order to limit the tun¬ 
ing range to specific values 
(e g , 300 to 1200 Hz), we will 
need a fixed resistor and a 
pot in series to make up each 
of the frequency-controlling 
resistors. Rhi will be the need¬ 
ed resistance when the fre¬ 
quency is the lowest, and R| 0 
will be the resistance at the 
highest frequency. 

We know something 
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about these values, even 
though we have not yet se¬ 
lected a capacitor. First, we 
know that their difference 
will be 100k, the value of the 
pot. Hence, Rhi~ R| o = 100k 
We also know that Rj,j= 
4R|o, since the ratio of low 
to high frequency is 4:1, 
(Note: If we hold the capaci¬ 
tance constant, as we will 
do with a fixed-value unit, 
the frequency and resis¬ 
tance will vary inversely 
with each other, i.e., Fhi/F| 0 
= Rhi/R|o) 

Knowing the two relation¬ 
ships between the highest 
and lowest resistances lets 
us substitute and solve for 
R| 0 . Since the ratio of the re¬ 
sistances is 4:1, then Rhi = 
4R| 0 . In the difference for¬ 
mula, we now can say that 
4R| o -R|o=100k, or 3R| 0 = 
100k, Dividing 100k by 3, we 
get R|„=33.3k. Since the 
highest resistance is 100k 
higher, R|,j = 133.3k. As a 
check, we can use the other 
original formula and let Rhi= 
4R| 0 = 4 X 33.3k = 133.2k, 

I have carried out the cal¬ 
culation to more precision 
than we can possibly get 
with real components to 
show how good the method 
is. In fact, since real pots are 
often shy of 100k by as 
much as 10%, it is wise to 
have a pot in hand before 
working out a design. The 
decimal places might get 
long, but rounding to the 
nearest whole number for 
resistors and keeping k and 
ks to no more than two deci¬ 
mal places will give perfect¬ 
ly good design accuracy 

We now know the fixed 
series resistor for RF1 and 
RF2 will be 33k, with the 
100k pot making up the rest 
of the resistance. If we dis¬ 
cover that our dual pot does 
not track and can determine 
by how much it is off, we 
might make one of the two 
fixed resistors a 50k trimmer 
pot (Adjustment of trim¬ 
mers in the frequency-deter¬ 
mining circuits of a filter is 
best done with the circuit 
wired but the op amp out of 
its socket, using a precise 
ohmmeter. Accurate adjust¬ 


ment with the circuit in 
operation requires a scope 
with frequency-scanning ca¬ 
pability. Output-level read¬ 
ings taken on an ac/audio 
voltmeter can be mis¬ 
leading.) 

Step 8. Calculate capaci¬ 
tors CF1 and CF2. At all fre¬ 
quencies, the resistance will 
equal the capacitive reac¬ 
tance. Hence, the standard 
formula for calculating ca¬ 
pacitance from frequency 
and reactance becomes CF1 
= CF2 =1/2piFRf. In this 
case, start with either end of 
the tuning range. For the ex¬ 
ample. use 300 Hz, where 
the resistance is 133k. If 
your calculator has a 1/X 
key, you can just multiply 
all the denominator num¬ 
bers together and then hit 
the inverse key. The answer 
is likely to appear in expo¬ 
nential notation. For exam¬ 
ple, Cf=1/(2 x 3.14 x 300 X 
133,000) = 3.99X10-’ 

We need to convert this 
to either microfarads (10'*) 
or picofarads (10'“) to see 
what capacitors we should 
purchase. 3990-pF or 04-uF 
capacitors will do the job. 
We can parallel some 5% 
polystyrene capacitors to hit 
4000 pF fairly closely. Given 
the fact that we can rarely 
buy the exact value that the 
formula says we need, we 
should design the frequency 
range of the filter with an ex¬ 
tra 5% on either end to 
allow for the slight range 
shift our approximations 
will produce. 

We can check our work 
by calculating the two fre¬ 
quency-determining capaci¬ 
tors from the other end of 
the range. This time, Cf = 1/ 
(2 x 3.14 x 1200 X 33,000) = 
4.02 xlO'”, or about 4000 pF 
again. Because we used pi to 
only two decimal places and 
dropped the last 300 Ohms 
off the resistance values, the 
answers diverge by about 
1%, well within the 5% 
component tolerance Note 
that had we used the 500k 
pot we considered at the be¬ 
ginning of the example, our 
capacitors would be about 
one-fifth the present value. 


Some builders have difficul¬ 
ty obtaining 5% capacitors 
in the higher values and may 
want to use the larger pot in 
order to combine it with ca¬ 
pacitors in the 800-pF range. 

Step 9. Calculate the resis¬ 
tance at the center frequen¬ 
cy, F c . Since the resistance 
at center frequency will 
equal the reactive capaci¬ 
tance, Rf c = 1/2piF c Cf = 1/ 
(2 X 3.14 X 600 X 4 X10* 9 ) = 
66,348 Ohms. This is the re¬ 
sistance value of the fre¬ 
quency-determining resis¬ 
tors at the design center of 
the filter. We will use this 
figure in a very broad way to 
determine the remaining re¬ 
sistors in the filter Most fil¬ 
ter-design manuals scale a 
filter from an initial assump¬ 
tion of equal value resistors 
throughout as much of the 
design as possible, On this 
assumption, R1 through R3 
should equal the center-fre¬ 
quency resistance, and R5 
should approximate it, if 
possible Similar assump¬ 
tions apply to the other filter 
designs, with adjustments 
for values that must differ. 

In practice, using compo¬ 
nents readily accessible to 
amateurs, the assumption is 
not very important as long 
as filter resistor values fall 
within the range that per¬ 
mits the op amps to per¬ 
form well Values from 10k 
to 100k have been used 
with no specifically notice¬ 
able change of perfor¬ 
mance As a rule of thumb, 
try to let the feedback resis¬ 
tors fall within a 2 to 1 or 3 
to 1 ratio of the center-fre¬ 
quency resistance. 

Step 70. Determine the 
feedback and input resis¬ 
tors, R1 through R3. On the 
basis of the previous calcu¬ 
lation and discussion, 68k 
resistors appear to be the 
closest value to the calcu¬ 
lated center-frequency re¬ 
sistance. In practice. 100k 
resistors do not change the 
filter performance. What is 
important is to use the 
same value for all three. 
Since 100k is a nice round 
value found in most ham 
junk boxes, let's use it. No- 




Fig. 8. A fixed-Q - SVF filter. 


Fig. 9. A variable-Q —SVF filter. 


tice that, like many ham 
building decisions, the 
grounds for our choice have 
little relationship to theory. 
If our value does not work 
for some reason, we have 
another value to try. 

Step 11. Select a value for 
Q and choose the Q-deter- 
mining resistors, R4 and R5. 
Since both resistors affect¬ 
ing Q and gain are indepen¬ 
dent of the input resistor, we 
have more latitude in choos¬ 
ing values than with the oth¬ 
er two designs. For CW fil¬ 
ters, there is rarely a need 
for a Q greater than 25, and 
the range of 10 to 20 will 
generally produce sufficient 
selectivity without ringing. 
For greater selectivity, we 
should use identical succes¬ 
sive filters which will give us 
a steeper bandwidth curve 
and greater ultimate rejec¬ 
tion on unwanted signals. As 
a rule of thumb, using 5% 
and 10% components, I an¬ 
ticipate that the half-voltage 
(—6 dB) bandwidth will ap¬ 
proximate 3F C /Q, about 
50% wider than theory indi¬ 
cates. For the SVF filters, 
bandwidth in Hz will vary di¬ 
rectly with frequency. Thus, 
if I choose a 100-Hz band¬ 
width for the 600-Hz center 
frequency, it will vary from 
50 Hz at the 300-Hz end of 
the range to 200 Hz at the 
1200-Hz upper end of the 
tuning range. If this band¬ 
width is acceptable, then 
Q = 3F C /BW,: c = (3 X 600J/100 
= 18. Let's see what hap¬ 
pens if we use this figure. 

From the formulas gov¬ 
erning the — SVF filter, R4 = 
R5(3Q —1). For our case, 
3Q-1 =(3 X 18) —1 =53, 
and R4 = 53R5. If we let R4 
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= 100k, then R5 = 5.3 meg¬ 
ohms; use either 4.7-meg¬ 
ohm or 5.1-megohm stan¬ 
dard resistor values. In fact, 
we can change the values 
proportionately by factors 
of ten without disrupting fil¬ 
ter performance. Values of 
10k and 510k work well and 
may be easier to find. A rule 
of thumb is to let R4 be the 
highest easy-to-find value 
that permits R5 (or R1 in the 
Other two designs) to ap¬ 
proach its proper theoretic 
relationship to the other re¬ 
sistors. However, other con¬ 
siderations may enter into 
the final selection. Fig. 8 
shows our completed fixed- 
Q design. 

One major consideration 
is whether we wish to be 
able to vary the Q of the fil¬ 
ter and thereby to broaden 
or narrow the bandwidth 
over some useful range. For 
example, we might wish to 
have a Q ranging from 10 to 
20 for this design At Q = 10, 
the resistor ratio (3Q—1) 
will be 29, and atQ = 20. the 
ratio will be 59. Suppose 
that we have a 500k pot we 
wish to use to vary the Q. 
Since we will not vary the Q 
to nothing, we will need a se¬ 
ries resistor with the pot to 
make up R4. We know that 
the value of R4 at Q=20 
will be the series resistor R s 
+ 500k, the highest value of 
the pot. At Q = 10, R4 will be 
just R s , the value of the fixed 



Fig. 10. Filter input- and 
output-level controls. 


series resistor. At the higher 
Q, R5=(R s + 500,000)/59, 
while at the lower Q, R5 = 
Rs/29. We can solve for the 
series resistor by letting RJ 
29 = (R s + 500,000)/59. Cross 
multiplying, we get 30R S = 
29X500,000, or R s = 
1,450.000/30 = 483,333 
Ohms. This is the series resis¬ 
tor to go with the 500k pot 
for R4. R5 = Rs/29 = 483,333/ 
29=16,667 Ohms. (As a 
check, R5 =(483,333 + 
500,000/59 = 16,667.) We 
can choose a 15k or 18k re¬ 
sistor for R5 and a 470k or 
510k resistor for R v respec¬ 
tively Exactness will not 
matter too much here since 
we will tune the control for 
best reception rather than 
for some specific value of 
Q. Fig. 9 displays our com¬ 
pleted variable-Q design. 

Step 12. Consider the 
gain. This step does not re¬ 
quire special calculations, 
but it does bring the matter 
of gain to your attention For 
the —SVF design, gain will 
equal Q. If you design a 
fixed-Q filter, you can ac¬ 
commodate the filter gain 
with preceding and succeed¬ 
ing level controls, as shown 
in Fig. 10. Set the input-level 
control so that the strongest 
signal will not drive the filter 



Fig. 11. A simple post-filter 
amplifier for speaker or 
phones. 


to clipping. A scope will 
show this as a sharply flat¬ 
tened sine wave. Since the 
voltage gain will be consid¬ 
erable, the filter may drive 
the succeeding stage too 
hard, causing distortion in 
the amplifier feeding the 
speaker or phones We can 
kill the unwanted voltage 
with another trimmer set to 
hold the amplifier relatively 
distortionless at full volume. 

If the filter has a variable- 
Q control, then its gain will 
also vary. To avoid the need 
for constant volume-control 
adjustments, the compres¬ 
sion amplifier shown in Fig. 
4 should follow the filter 
and precede the output am¬ 
plifier. With the values 
shown for the compression 
circuit, a normal CW signal 
will leave the speaker quiet 
between dots and dashes 
The circuit needs no input- 
setting pot, and the output- 
level control serves the 
same function as the filter- 
output control in Fig. 10 

These 12 steps complete 
the design phase of the 
work. The next step is to 
breadboard a model, verify 
its operation, and finally 
construct a permanent ver¬ 
sion complete with case and 
power source Robbing pow¬ 
er from the receiver and in¬ 
stalling the filter in either 
the receiver cabinet (espe¬ 
cially if inserted between 
the detector and audio 
stages) or the speaker cabi¬ 
net (along with an audio 
amplifier such as the LM386 
circuit shown in Fig. 11) is 
one popular way to handle 
final construction. However, 
to avoid cabinet and circuit 
modifications, you may 



wish to make the filter a self- 
contained unit. 

Additional Procedures — 

+ SVF and B-Q Designs 

The first eight steps of the 
procedures just outlined are 
identical for all three filter 
designs. Nothing changes 
until Step 10, selection of 
the input resistor, where we 
have only a minor modifica¬ 
tion for the + SVF filter. R1 
should be half the value of 
either R2 or R3 if we wish to 
have the relationship of Q 
and gain follow the formu¬ 
las given with Fig. 5. Other 
ratios are possible, although 
the input resistor should not 
be greater than the feed¬ 
back resistors. The gain will 
change but remain constant 
across the tuning range 

Let's look more closely at 
the final steps of the proce¬ 
dure, customizing them for 
each particular design. First, 
the bi quad filter: 

Step 11: BQ. Select a val¬ 
ue for Q, and choose the 
Q-determining resistors. In 
the B-Q design, the input re¬ 
sistor, R1, interacts with R4 
to determine Q and gain 
Having selected an input re¬ 
sistor, R4 = QR1. Selecting 
Q follows the same guide¬ 
lines given for the — SVF de¬ 
sign, with the proviso that Q 
will vary across the tuning 
range, since bandwidth in 
Hertz is constant. Using our 
-6-dB (half-voltage point) 
rule of thumb, we can 
design with the formula 
Q = 3F,/BW, where BW is 
the desired bandwidth in 
Hertz. If we wish about 100 
Hz, then Q = (3 x 6001/100 


= 18. RV = 18R1 = 18 X 
100k = 1.8 megohms, a 
usable value. However, with 
very little change in perfor¬ 
mance, we can reduce both 
R1 and R4 as long as we 
keep them in the proper 
ratio. Fig. 12 shows the full 
results of our design work. 

We can vary the Q and 
consequently the bandpass 
of B-Q filters. We need only 
make R4 variable. Suppose 
we wish to vary the Q be¬ 
tween about 10 and 20. If R1 
is 100k, then R4 needs to be 

1 megohm for a Q of 10 and 

2 megohms for a Q of 20. 
We can use a one-meg fixed 
resistor in series with a one- 
meg pot for R4, and the 
problem is solved. Fig. 13 
shows the changes neces¬ 
sary for variable Q 

Step 12: BQ. Consider the 
gain. Variable Q plus the 
natural gain variability of 
the B-Q filter makes a com¬ 
pression amplifier almost 
mandatory However, the 
100-to-1 compression capa¬ 
bility of the audio elixir cir¬ 
cuit will more than cover 
the situation. The natural 
gain variability of a fixed 
B-Q filter with the 300-to- 
1200-Hz tuning range is 
about 4 to 1, while Q vari¬ 
ability expands the total 
range to 40 to 1, well within 
the amplifier's capabilities 
and with room to spare for 
audio signal strength vari¬ 
ations. 

The B-Q filter has one 
special property not shared 
by either SVF design. You 
can tune the B-Q using only 
RF1, leaving RF2 fixed for F c . 
The variable resistor, how¬ 


ever, will change frequency 
only with the square root of 
the resistance change, 
meaning that the pot will 
have to have a much wider 
range to cover the chosen 
frequency range. Since the 
frequency limits in the ex¬ 
ample are 2F C and F c /2, the 
resistance range must be 
Rfc/4 and 4Rf c . In this design, 
Rf c =66,348 Ohms. The low¬ 
est resistance (for the high¬ 
est frequency) will be 
66,348/4=16,587, while the 
highest resistance (for the 
lowest frequency) will be 
66,348X4 = 265,392. The 
difference is 248,805. A 250k 
pot in series with a 15k fixed 
resistor will form a satisfac¬ 
tory RF1. An audio taper or 
reverse log pot is mandatory 
in this application, since 
even with a log pot the fre¬ 
quency will compress at one 
end of the scale. 

In this example, we were 
fortunate to wind up with a 
required value close to an 
existing potentiometer 
value. For designing a single 
pot B-Q filter from scratch, 
we can begin at Step 6, 
choosing a pot to tune the 
filter. Let's select a 500k pot 
and see what happens. 

Step 7: BQ single pot. 
Calculate R^i and R| c . Since 
frequency will vary as the 
square root of resistance 
changes, the total resistance 
change will be k J , where k is 
the frequency ratio. Since 
k =4 (1200/300 Hz), k J =16. 
Rhi=16R| 0 . We also know 
that R h j = R| O + 500k. Now 
we can solve for R| 0 :16R| 0 = 
Rlo + 500,000, or R| 0 = 
500,000/15 = 33,333 Ohms. 


This is the value of the fixed- 
series resistor. Rh, = 33,333 
+ 500,000 = 533.333 Ohms 
As a check, 533,333/16 = 

33.333 Ohms. 

The resistance at center 
frequency (and fixed fre¬ 
quency-determining resistor 
RF2) will be R hj /4 = 4R| 0 = 
533.333/4 = 33,333 X 4 = 

133.333 Ohms. We can use 
100k and 33k resistors in se¬ 
ries or use the nearest stan¬ 
dard value 

Step 8: BQ single pot. 
Calculate capacitors CF1 
and CF2. This calculation 
uses the same procedure as 
in the —SVF filter. Since re¬ 
sistance and capacitive re¬ 
actance are the same at the 
center frequency (and we 
must use F c for this calcula¬ 
tion), C f = 1/2piF c RF2=1/ 
(2X3.14X600X133,333) = 
1.99 X10‘*. This is about 
2000 pF, an obtainable 
value in polystyrene ca¬ 
pacitors. 

Determine the remaining 
values for the filter in the or¬ 
dinary way 100k feedback 
and input resistors appear to 
be in order, since they vary 
only a little from the value 
of RF2, Considerations of Q 
and gain will be identical to 
those for the dual-pot bi¬ 
quad design. Fig. 14 shows 
our new filter. 

The SVF filters always re¬ 
quire dual pots. Therefore, 
the only difference between 
the +SVF filter and the 
— SVF design concerns Q 
and gain. 

Step 11: +SVF. Select a 
value for Q, and choose the 
Q-determining resistors Q 
selection for the + SVF is 


TT 



Fig. 12. A fixedQ BQ filter. 
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Fig. 13. A variableQ BQ filter. 




identical to that for the 
— SVF design. We must 
make mental note that gain 
will double Q if we follow 
recommended resistor rela¬ 
tionships Let Q = 18 R4= 
R1 (2Q — 1). If we use 100k 
resistors for feedback, the 
R1 is 50k. Many designs use 
200k values for R2 and R3, in 
which case, R1 =100k. Let's 
use this latter value for our 
design For a Q of 18,2Q-1 
= 35, and therefore R4 = 
100k x 35 = 3.5 megohms. 
3.3 megohms would work 
well. For a variable Q of, say, 
10 to 20, the maximum resis¬ 
tance value of R4 would be 
39R1 and the minimum val¬ 
ue would be 19R1. R4 will 
range from a series resistor 
value of R 5 to R s + pot, 
where pot is the potentiom¬ 
eter value we select. Let's 


try a 2-megohm pot. Then 
R1 =Rs/19 at low Q and (R s 
+ 2,000,000)/39 at high Q. 
Solving for R s , we get R s = 
38,000,000/20 = 1.9 meg¬ 
ohms. R4 thus becomes a 
1.9-megohm fixed resistor in 
series with a 2-megohm pot. 
R1 =R4/(2Q —1)=3.9 meg- 
ohms/39=1 9 megohms/19 = 
100k, a desirable value 
Step 72: +SVF. Consider 
the gain. The gain of this 
-FSVF filter, shown in Fig, 
15, ranges from 20 to 40, de¬ 
pending upon the variable 
Q Again, following this de¬ 
sign with a compression am¬ 
plifier is a must for easy use. 

Construction and Results 
All of the designs shown 
in the examples have been 
breadboarded to confirm 
that they will work. In fact, 



they all work even when 
some non-frequency-de¬ 
termining components vary 
by 20% from the design val¬ 
ues. Fig. 16 charts the test re¬ 
sults. (Always test a design 
on a breadboard before wir¬ 
ing a final version. If nothing 
else, the breadboard test 
will turn up bad compo¬ 
nents. More important, ad¬ 
justing the design to more 
precisely meet your needs is 
much simpler on a bread¬ 
board.) 

Construction of the final 
model can take any form. 
Perfboard and printed cir¬ 
cuit board peform equally 
well. Layout is not critical 
with the LM324. The TL084 
requires some care to pre¬ 
vent inadvertent coupling, a 
more serious concern with 
the very high impedance in¬ 
puts to each section. One 
easy way to overcome the 


problem is to avoid com¬ 
pressing the components in¬ 
to too small a space. Spread¬ 
ing the fixed components at 
the 1C corners in a radial pat¬ 
tern tends to prevent un¬ 
wanted coupling and makes 
component replacement 
simpler. Beyond this, con¬ 
struction is left to individual 
ingenuity. 

Part of the construction 
ease stems from the low Q 
of these filters. Most practi¬ 
cal filter articles still man¬ 
age to repeat the virtually 
useless fact that these de¬ 
signs are good to a Q of 500. 
At normal CW audio, the 
bandwidth would be just 
over 1 Hz, and the filter 
would ring for a week with 
just one receiver electron 
pop, if it was not already os¬ 
cillating. With normal com¬ 
ponents, practical Qs of 5 to 
25 ensure good stability and 


Figure Filter 

8 -SVF, 

fixed Q 


Tuning Range Bandwidth 

330-1250 Hz 25-100 Hz 


9 


- SVF, 330-1250 Hz 40-75 Hz at 

variable Q (at F c ) 


B-Q, 
fixed Q 
B-Q, 

variable Q 
B-Q, 

single pot, 
variable Q 


330-1250 Hz 
330-1250 Hz 

350-1330 Hz 


30 Hz 

30 Hz at On, 
50 Hz at Q l0 

(at Fe) 

55 Hz at Q hi 
140 Hz at Q, c 

(at FJ 


15 + SVF, 340-1260 Hz 

variable Q 


40 Hz at Q hi 
75 Hz at Q| 0 
(in passband) 


Q 

26 

16 to 30 


35 at F c 

35 

21 


18 

7.3 


32 

17 


Output Voltage Ratio 
1.08:1 F hl :F, 0 


2.5:1 CWOto 

1.4:1 F^F*, 

2:1 Qh.:Qk, 

2.8:1 total change 
due to both F and Q 
2.6:1 total change 
due to both F and Q 


Notes 

3900 pF, 5% C*; 
reduce R4 from 510k to 
330k” 

Reduce fixed-series 
Q resistor from 470k to 
330k 

Reduce R4 from 1.8 
megohms to <820k 
Reduce fixed series 
Q resistor from 1 
megohm to 470k 
2000 pF, 10% C,; 
increase fixed tuning 
resistor from 33k to 
>47k to adjust tuning 
range 


1.6:1 total change Reduce fixed series 

due to both F and Q Q resistor from 1.9 meg- 
at R4 ohms to <1 megohm 


Notes: 'All filters except the single-pot B-Q used 3900-pF, 5% polystyrene capacitors. The single-pot B-Q model used 2000-pF, 10% 
polystyrene capacitors. ”ln any of the filters, raise or lower Q by raising or lowering R4, the Q-determining resistor. 


Fig. 16. Test results and comments on the six sample filters. 
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Bedford MA 02745. 


y. Massachusetts stations 


COUNTY HUNTERS 
SSB CONTEST 
0001 to 0800 GMT April 28 
1200 GMT April 28 to 
0800 GMT April 29 
1200 to 2400 GMT April 29 
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NEVER SAY DIE 

editorial by Wayne Green 


f'om page 6 

TV-10 to see If I've guessed 
right about hand TV sets. 

Speaking of Sinclair, the ab¬ 
sence of Timex from The Win¬ 
ter Consumer Electronics Show 
was most obvious. Last year 
they made a big fuss about in¬ 
troducing the Sinclair Spec¬ 
trum, only to change their 
minds when the Model 1000 
was bombed out by the VIC-20. 

Timex, which has been quite 
stand-offish to firms Interested 
in supporting their computers 
with a magazine or software, is 
paying the piper for this bit of 
folly—to the tune of hundreds 
of millions of dollars. They fired 
the people who engineered the 
disaster, but it is probably far 
too late now to recoup. Texas 
Instruments pulled the same 
stunt, with even greater losses. 

Despite the dead and badly 
wounded microcomputer manu¬ 
facturers, the Industry Itself 
is still growing at about the 
same 250% per year rate. It's 
just that Timex, Texas Instru¬ 
ments, Atari, and so on are not 
getting big chunks of it. Radio 
Shack has been holding on. Ap¬ 
ple Is at the crossroads, gam¬ 
bling everything on their Mac¬ 
intosh. 

All of this has been a bonanza 
for hams who early on got Inter¬ 
ested In computers and who 
have jumped aboard the Indus¬ 
try. The micro Industry is rife 
with hams, as I see when I’m 


stopped by hundreds of old 73 
subscribers at the Comdex and 
CES shows. Many claim that it 
was my editorials and articles in 
73 that got ’em into comput¬ 
ers—and rich. 

The next big field, as I’ve writ¬ 
ten before, is going to be com¬ 
munications. Some ham is go¬ 
ing to design a simple radio 
system to automatically send 
messages and parlay that into 
a S500 message communica¬ 
tions system for private aircraft 
which will eliminate the need for 
voice communications between 
pilots and towers. This chap 
could easily get extremely 
wealthy. The nice thing about 
this is that everything needed 
for the system has already been 
invented. All it takes is an exper¬ 
imenter to put it together, test it, 
and find a venture capitalist to 
back him. Eureka! Millions. 
And, you know, a kid of 15 could 
doit. 

Let's get some work done and 
get some articles in 73 to spur 
more experimenting. It’s possi¬ 
ble for hams to again get up 
front in developments and re¬ 
gain some of the prestige we 
once had. The FCC is off our 
backs now, so we can experi- 


COME FLY WITH ME 
Are you looking for some 
small electronic or ham product 
from Asia which you might Im¬ 
port and sell by mail order? 


Quite a few big businesses have 
been built in the last few years 
doing this—JS&A, the Sharper 
Image, Markllne, and so forth. 
The best time to see the smaller 
Aslan firms is In October during 
a series of consumer electron¬ 
ics shows. 

These shows are set up so 
you can attend four of them In 
the four key Aslan electron¬ 
ics manufacturing countries— 
Japan, Korea, Taiwan, and Hong 
Kong—one after the other, all in 
two weeks. This could be two 
weeks which might change your 
life—if you have some entre¬ 
preneurial spirit. 

Commerce Tours has been ar¬ 
ranging trips to Asia which bring 
people to these four shows for 
several years now. I've been go¬ 
ing on them for five years and 
have been very Impressed by the 
fine hotels, the number of spe¬ 
cial events and meals, and the 
planning of every detail by the 
firm. And the price—I don't see 
how they provide so much so 
reasonably. 

I've encouraged hams to ac¬ 
company me on these trips in 
the past and every one of them 
has had a great time—often 
meeting with Tim Chen BV2A in 
Taipei, shopping for electronic 
equipment In Hong Kong at in¬ 
credibly low prices (I have my 
shopping list already made out), 
loading up on dirt-cheap Apple 
boards, and so oh. 

The tour is timed to get you to 
all four of the shows, complete 
with all transportation. This is 
about the only real way for you 
to meet and talk business with 
the hundreds upon hundreds of 
small manufacturers In Asia. 
This is where you may find some 
brand-new products which 
haven’t yet migrated to the 
US—or perhaps some lower- 
cost versions of popular items. 


The whole trip costs $2,000. 
That Includes all transportation, 
first-class hotels, lavish break¬ 
fasts, a number of other meals, 
show admissions, several op¬ 
tional shopping tours, and so 
on. Bob Chang and his family, 
who organize electronics and 
computer tours, are at home In 
Asia and thus have everything 
under superb control. 

We've always had a group of 
hams on these tours, which usu¬ 
ally run from 150 to 250 in num¬ 
ber. This year we're going to be 
joined by a group of Australian 
amateurs, so we should have 
even more fun. And wait until 
you see the price of Japanese 
ham rigs in Hong Kong! 

The trip leaves California Oc¬ 
tober 2 and returns October 16. 
You can leave from either San 
Francisco or Los Angeles. Fur¬ 
ther, if you want to take some 
extra time at the end of the tour, 
you can come back for a small 
additional fare any number of 
ways. I’ve made low-cost side 
trips to China, Macao, down to 
Borneo, stopping off at Sara¬ 
wak, Brunei, Sabah, and Manila, 
or via Bangkok and Singapore, 
Hawaii, and so on. Why not add 
a couple unusual shopping 
stops and visit some rare DX 
hams? They'll love It and so 
will you. 

Please let me know as soon 
as you can if you are planning to 
join me this year. But watch out, 
I'll be looking for things to Im¬ 
port, too. Drop me a line for de¬ 
tails: Wayne Green—Asia!, 73, 
Peterborough NH 03458. 

Operating? Japan Is still 
tough, but we might be able to 
make it in Korea If you ask 
ahead. Taiwan Is still tight. 
Hong Kong is a song—just 
bring a copy of your license. 
Yep, they have two-meter re¬ 
peaters there. 


Lightning Protectors For Antenna and AC Lines 



cl LT (200 W) . . . $19.95 

el HT (Z kW).$24.95 

eiR-T(ZOOW) ...$29.95 
el HV(ZkW).$32.95 


Surge Protected ” 

AC Control D 

Provides eight outlets and 
features lighted switches for 
individual circuits and master 
single-switch station control. 


125 VAC. 15 A. 1875 watts 
total rating. Rugged 3-stage 

2000 A lightning clipper, teste 

to IEEE pulse standards, xrv 


MasterCard and VI 


strive. Dest for RCVR s and 
XCVR's Models R-T and HV offer 
special low loss performance 
through 500 MHz 
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NEVER SAY DIE 

editorial by Wayne Green 



CODE OR NO CODE? 

The FCC’s lengthy release re¬ 
porting on their turning down of 
the nocode proposal indicated 
that there was a great unanimity 
of thought by the hams and 
clubs who where interested 
enough to comment on this sub¬ 
ject. Morse code must be kept 
as a fundamental skill for being 
an amateur—that was the edict. 
Presumably this was not merely 
an emotional response but a 
well-reasoned one—and thus 
one which all of us should ex¬ 
pect to live with and honor. 

There was a high degree of 
agreement that when the chips 
are down—perhaps referring to 
EMP and its destructive effect 
on ICs—CW can always get 
through. Well, heck, yes, If we 
have a key at hand to send CW. 
But more and more rigs are be¬ 
ing made without even a key 
jack! I’d say that in view of this 
statement of amateur senti¬ 
ments, we should quickly bring 
a halt to that and make sure that 
every new rig has a key jack. 


Perhaps two out of three of 
the transceivers being sold 
these days are for VHP and de¬ 
signed for phone-only opera¬ 
tion. Obviously we are contribut¬ 
ing to serious future problems 
by moving away from the code 
in this way. I suggest that our 
first response to this unanimity 
on the code be to put pressure 
on the manufacturers not only 
to put a key jack on every hand 
transceiver, but to Insist that 
they build a small key right into 
them and Include a tone mod¬ 
ulator. 

If you remind the manufactur¬ 
ers that you are serious about 
Morse code—that you really 
believe it Is Important (you were 
being truthful in your comments 
to the FCC, right?)—they’ll have 
to build CW Into their rigs. And If 
they don’t respond, I might 
follow up with a proposal to the 
FCC to make it illegal to sell a 
transmitter without a key jack. 
All hand rigs should have the 
complete key built In, obviously, 
since there Is no practical way 
to hold the rig in one hand, the 


key In the other, and then try to 
send. 

It will be easy to build a small 
paddie key into our HTs. With 
that you will be able to send with 
one paddle as a straight key or 
with both as a speed key. And, of 
course, speed Is the only way to 
go for emergency communica¬ 
tions. 

Speed. Hmmm. That brings 
up a major problem. With CW 
now recognized by the FCC via 
your comments on the no-code 
proposal as being of far more 
importance than previously 
thought, we have a grave re¬ 
sponsibility. When The Chips 
Are Down (WTCAD) and hams 
are the only means of communi¬ 
cations in an emergency—and 
we have to use CW—code 
speed is going to be of Incalcu- 
luable importance. Even rela¬ 
tively small emergencies seem 
to generate enormous amounts 
of message traffic, so we will be 
in one hell of a mess if some 
turkey In the chain that we are 
depending on can’t handle the 
code at a reasonable speed. 
One lazy jerk could bog every¬ 
thing down, bringing discredit to 
our entire fraternity. 

Well, then, granted that your 
comments are right and CW is 
our number one means of com¬ 
munications, what code speed 
should we accept as adequate? 
In the commercial world, back 
when they used the code in¬ 
stead of digital communica¬ 
tions a couple generations ago, 
35 words per minute was the ac¬ 
cepted code speed. That was 
average. Is there any reason 
why we should be any less than 
average? Of course not. We 
should be better than the old 
average commercial ops, right? 

This means that we really 
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From Base to Beams 

Home-brew from the ground up! Here's how to build a tower 
and top it off with performance-proven antennas. 


Harry D. Hooton W6TYH 
1420 Shamrock Lane 
Lincoln CA 95648 
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D uring my 53 years as a 
licensed radio ama¬ 
teur, I have owned a number 
of masts and towers rang¬ 
ing from the old-time 


A-frame wooden mast to a 
modern 80-foot commer¬ 
cial steel tower. At the age 
of three score and ten plus 
two. I am no longer enthusi¬ 
astic about climbing and 
working on top of a high 
tower of standard design 
and construction. 

Since 1978, 1 have been 
experimenting with multi- 
mode arrays, some of which 
are physically large and 
electrically complex These 
antenna systems require 
many measurements and 
adjustments necessitating 
removal of the array from 
the tower and reinstalling it 
after the adjustments or 
changes are completed. To 
further complicate matters, 
W6TYH is located in the 
country, far away from 
other hams. Most non-ham 
neighbors are less than en¬ 
thusiastic when it comes to 
raising and lowering the 
usual amateur array that 
goes up or down perhaps 
once a year. When an array 
must be raised, lowered, 
and raised again every day 
over a period of perhaps 
two weeks, helping-hand 
neighbors or friends are 
conspicuous by their ab¬ 
sence. Long ago, I found 
that the dyed-in-the-wool 
antenna experimenter is re¬ 
garded by his neighbors 
(and by some fellow hams) 
as a kind of nutty individual 
to be avoided at all times 
when arrays are to be in¬ 


stalled or removed from the 
tower. 

Obviously, what is need¬ 
ed is an antenna support 
structure that can be easily 
installed at minimum cost 
and will permit one man to 
install or remove arrays 
safely and easily. The tow¬ 
er to be described is de¬ 
signed to fulfill these re¬ 
quirements. 

Tower Design and 
Construction 

The multi-mode array, be¬ 
cause of its large size, re¬ 
quires a strong tower. Also, 
the tower, if possible, should 
be made free-standing since 
guys and other support de¬ 
vices make the raising or 
lowering of an array diffi¬ 
cult. When matching or 
phasing adjustments are 
made, it is essential that the 
array be at least 15 to 20 feet 
above the ground. Other¬ 
wise, there will be an exces¬ 
sive amount of "cut and 
try," resulting in much labor 
and a waste of time. In the 
interests of economy, it is 
desirable to design the tow¬ 
er so that readily available 
accessories such as exten¬ 
sion ladders, hoists, etc,, can 
be used when required. All 
of the materials should be 
available locally; scrap or 
surplus iron pipe and angle- 
iron cross members can be 
used. The tower can be con¬ 
structed without welding or 
brazing techniques (usually 



Photo A. The two monobander arrays mounted on the tow¬ 
er. The upper array is a 2-element, 15-meter yagi using a line- 
bazooka matching system. The 15-meter array is rotatable 
over 360 degrees. The 10-meter, 3-element yagi also used a 
modified line-bazooka matching system. The 10-meter array 
is rotatable over a 60-degree arc. The 10-meter array is used 
strictly for communication with the South Pacific area, VK, 
ZL, etc. 




Photo B. The tower top section showing the rotator and the 
15-meter array. The matching stub, made from two copper 
tubes, is mounted on insulators above the boom. Note the 
y,-inch stabilizing ropes attached to the bottom of the rota¬ 
tor unit. Also note the trailing %-inch nylon ropes attached 
to the ends of the boom. These are used to secure the array 
during windstorms. This tower and array have survived 
winds of over 60 mph. The tower also supports a 40-meter 
inverted-V dipole. 
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Fig. 1. Cross-member dimensions. Sixteen pieces of angle 
iron required—1 Vi " wide each side. 


not available to the average 
ham). 

As shown in the photos 
and drawings, the tower is 
constructed as a cage of 
four Vi -inch-diameter iron 
pipes arranged around a 
1 Vi-inch central pipe core. 
The tower shown here is 
made up from black, non- 
galvanized iron pipe which 
was obtained from a scrap- 
metal dealer. To prevent 
rusting out with time, the 
black iron pipe must be 
painted, first with a primer 
coat and then with two 
coats of implement enamel. 
If you use galvanized pipe, 
it is not necessary to paint 
the tower unless this is desir¬ 
able for aesthetic purposes. 
The four VS-inch pipes are 
firmly attached, by means 
of angle-iron cross members 
and U-bolts, to the large-di¬ 
ameter center pipe. The cen¬ 
ter pipe extends upward 20 
feet above the ground. The 
VS-inch pipe is manufac¬ 
tured in 21-foot lengths. For 
ease in handling, each 


21 -foot length is cut into two 
10-foot, 6-inch lengths The 
shorter lengths are threaded 
at each end so that two or 
more sections can be con¬ 
nected together with stan¬ 
dard VS-inch pipe couplings. 
The tower is extended up¬ 
ward by adding the 10-foot, 
6-inch lengths to the desired 
height. Although the cage 
structure of this particular 
tower extends upward only 
20 feet, it should be possible 
to construct a free-standing 
tower to a height of at least 
35 to 40 feet above the 
ground. 

If a higher cage structure 
is desired, the use of appro¬ 
priate guys is recommend¬ 
ed. With a 20-foot-high cage, 
an array can be raised to 
about 35 feet above the 
ground. With a 40-foot-high 
cage, an array can be raised 
to at least 50 to 55 feet 
above the ground provided, 
of course, that the tower 
structure is properly guyed. 
The 20-foot cage height was 
selected so that a standard 


20-foot aluminum extension 
ladder can be placed 
against the tower, making it 
easier to climb. 

The array is mounted on 
the top of a 21-foot-long, 
1 Vi-inch iron pipe placed 
vertically against the cage 
section. By means of winch 
and ratchet, this pipe can be 
extended about 16 to 18 feet 
above the top of the cage 
section for a total height of 
about 36 to 38 feet. This fea¬ 
ture will be described in 
more detail later. The angle- 
iron cross members are 
spaced at about 2 '/j- foot in¬ 
tervals up the central pipe. 
The tower is erected in ex¬ 
actly the same manner as 
that of a commercial radio- 
or TV-station tower—by 
adding on sections until the 
desired height is obtained. 

Tower Installation 

First, select a suitable site 
for the tower. If you expect 
to be taking arrays up and 
down the tower frequently, 
do not erect the tower 
against the side of a build¬ 
ing. Make certain that the 
array, when mounted on the 
tower, can rotate freely 
without coming near other 
antennas, trees, power lines, 
metal roofs, or buildings. 
Trees and other non-metal- 
lic objects will have no ef¬ 
fect, for all practical pur¬ 
poses, on the tuning or oper¬ 
ation of an array, provided 
that the element tips do not 
approach closer than 15 or 
20 feet during operation. If 
the array is mounted within 
20 to 25 feet of a metallic 
object, such as a metal roof 


or power line, the line swr 
will usually vary as the array 
is rotated. Arrays mounted 
close to any object, metallic 
or not, are often noisy on 
reception. 

Once the site is selected, 
dig a hole in the ground as 
shown in Fig. 2. The hole 
should be about 18 inches 
across. The depth will de¬ 
pend upon the type of soil at 
the selected site. For clay or 
similar hard-packed soils, a 
depth of about 4 feet will be 
sufficient. If the soil is sandy 
or gravelly in nature, the 
hole should be made deep¬ 
er, to perhaps 5 or 6 feet. At 
the W6TYFI antenna site, the 
soil is decomposed granite 
which packs solid in dry 
weather but becomes very 
soft during the rainy season. 
The hole for the tower base 
was dug to a depth of about 
5 feet and side brace sup¬ 
ports were added to the 
tower at a height of about 8 
feet above the ground. The 
ends of the side supports 
(Vi-inch pipe) extend into 
the ground for about 3 feet 
and are held firmly in place 
by "deadmen" made by 
pouring concrete in each 
hole. 

Fill the bottom of the hole 
to a depth of about 4 inches 
with egg-size gravel. Stand 
the large center pipe on its 
end on the gravel and guy or 
brace it in an upright posi¬ 
tion. Pour another 2 or 3 
inches of gravel around the 
center pipe. This allows it to 
extend below the base of 
the concrete and also per¬ 
mits moisture from inside 
the center pipe to drain into 
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it up into the liquid concrete 
or push it down into the 
ground. The lower two or 
three angle-iron cross mem¬ 
bers should be attached to 
the center pipe before it is 
placed in the hole. With the 
hole filled to within three or 
four inches below the sur¬ 
face of the ground, allow 
the concrete to "set" for 
about 48 hours 

After the concrete base 
has solidified, attach the 
first four Vi-inch iron-pipe 
cage uprights as shown in 
Fig. 3. The bottom ends of 
the ’A-inch pipes are capped 
and will extend downward 
about four inches below the 
space where the top of the 
concrete base will be locat- 


Fig. 2. Tower base. 

the gravel. Before pouring center pipe, about 3 inches 
the concrete mix, coat the above and below the space 



Fig. 3. How ! j * pipes are attached to vertical center pipe. 


where the top of the con¬ 
crete base is to be located, 
with waterproof asphalt roof¬ 
patching material. Check 
with a carpenter's plumb 
and level to make sure that 
the center pipe is plumb 
before pouring the concrete, 
then repeat the process 
afterward. While plumbing 
the center pipe, do not pull 


ed It is not necessary to pro¬ 
vide for drainage of the side 
pipes provided that each 
member is sealed by the 
caps at the top and bottom. 
When the side pipes are se¬ 
curely fastened to the angle- 
iron cross members, using 
the smaller U-bolts, finish 
pouring the concrete and 
crown the top of the base, as 
shown in Fig. 4, to prevent 
water from accumulating at 
the point where the upright 



Photo C. Lower section of tower showing construction. The 
tower has two braces ('A" pipe) attached 8 feet above 
ground. The lower cage section extends upward 20 feet 
above the concrete base. 
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Photo D. Midsection of tower showing how top section of 
pipe is mounted. The top section can be extended 18 feet 
above the 22-foot bottom section—a total height of 40 feet. 
Note that the 52-Ohm coaxial cable and the rotator control 
cable are dressed away from the tower while the top section 
is being raised. 


members enter the base. 
Again allow the concrete 
base to harden for about 48 
hours before assembling the 
remainder of the tower. 

After the base section has 
been installed, mount the 
angle-iron cross members at 
intervals of about four feet, 
all the way up to the top of 
the center pipe, and secure 
the four Vi-inch pipes in 
place with their U-bolts. The 
U-bolt nuts should be drawn 
tight so that the joint is rigid¬ 
ly secure. 

Although this tower is suf¬ 
ficiently strong to be self- 
supporting at heights of up 
to 40 feet, for safety's sake, 
while working on the tower, 
it is advisable to attach at 
least three guys at the 
20-foot level, space them 
around the tower 120° 
apart, and secure them to 
iron stakes driven into the 
ground. There is always the 
possibility when working on 
a new tower that the con¬ 
crete is not completely set 
and the tower may fall when 
it is unbalanced by the 
weight of a man climbing it. 

The Adjustable 
Upper Section 

After the 20-foot cage 
(lower) section has been in¬ 
stalled, the adjustable upper 
section, a 1 Vi-inch-diame¬ 
ter, 21-foot-long iron pipe, is 
placed vertically against the 
cage section, parallel with 


the 1 V *-inch center pipe. 
The lower end of the adjust¬ 
able section rests on top of 
the concrete base. With a 
rope or wire, temporarily tie 
the 1 Vi -inch pipe to the cen¬ 
ter pipe at the top, center, 
and bottom of the cage sec¬ 
tion to keep it upright. Pre¬ 
pare four 1 Vi-inch U-bolts as 
shown in Fig. 5. The two 
standoff nuts on each U-bolt 
will allow the U-bolt to be 


rigidly mounted on the 
angle-iron cross members 
and keep the IVj-inch pipe 
upright while permitting it 
to be raised. 

This method is probably 
the simplest means of allow¬ 
ing the upper section to be 
raised or lowered while still 
maintaining a safe and 
strong mount. If the upper 
section is to be left per¬ 
manently in the raised posi¬ 
tion, when it is in its final 
position, each of the 
1 Vi-inch U-bolts is removed, 
one at a time, and the two 
standoff nuts are removed. 
The U-bolt is now reinserted 
through the two holes in the 
angle-iron cross member 
and its two remaining nuts 
are drawn down tightly. If 
the upper section is to be 


raised and lowered fre¬ 
quently, leave the U-bolts as 
originally installed and se¬ 
cure the top section as will 
be described later. 

Depending on the height 
of the lower cage section (20 
feet in the prototype tower), 
thel ’/ 2 -inch pipe will extend 
about 1 or 2 feet above the 
top of the cage section. 
Thus, it can be reached easi¬ 
ly from a 20-foot aluminum 
extension ladder placed at 
an angle against the side of 
the tower. In the photos and 
drawings you will notice 
that the last angle-iron cross 
member, at the top of the 
cage section, extends out¬ 
ward about 6 inches from 
each Vi -inch side pipe. My 
20-foot extension ladder is 
fitted with two bicycle- 
hanger hooks at the top. 
When the ladder is extend¬ 
ed, the two hooks fit over 
the ends of the angle-iron 
cross members, keeping the 
ladder securely in place. 
The lower end of the ladder 
rests on the ground but is 
held in place by tie wires to 
two iron stakes driven into 
the ground. Since the ladder 
is placed against the tower 
at an angle, it is much easier 
to stand on and more com¬ 
fortable than trying to hang 
on to the tower with one 
hand and work with the 
other A strong web safety 
harness attached to the tow¬ 
er enables me to work in 
comfort and with safety. 

Installation of the 
Rotator Unit 

The array shown in the 
photos is a 2-element beam 
antenna similar to that de¬ 
scribed in the May, 1980, is¬ 
sue of 73. The rotator unit 
used with this antenna is the 
CDE AR-22 which is de- 


n O 



Fig 4. Second step in pouring concrete base. 
14 73 Magazine • May, 1984 










Fig. 6. C in-pole assembly for raising array. 


signed for use with large TV boom. In normal use, the 
receiving antennas. This ro- ropes simply hang down and 
tator is perfectly suitable for rotate with the antenna, 
short-boom, 2- or 3-element During windstorms, how- 
beam antennas designed for ever, they are used to lash 
operation on 10 or 15 me- down the array to prevent 
ters. For long-boom arrays, the rocking of the boom 
use the Ham rotator which is referred to above. Two other 
designed to support and V4-inch nylon ropes are at- 
rotate a much heavier load, tached to the guying loops 
When the AR-22 or any simi- on the bottom edge of the 
lar unit is used with long- rotator unit and serve to 
boom arrays, the up and stabilize the upper section 
down rocking motion of the and the array during severe 
boom in a windstorm will windstorms. Using these 
damage the gears of the ro- precautions, the tower and 
tator unit. array have been subjected 

If you look closely at the to a 70-mph wind without 
photograph, you will notice damage, 
a trailing Vi-inch nylon rope The 4-wire control cable 
attached to each end of the should be attached to the 



Fig. 7. Boom-to-stub mounting. 
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rotator before it is installed point on the boom. Have 

on the tower. The terminal someone hold the other end 

boards on both the rotator of the rope, taking up the 

and control units are slack as you climb the lad- 

marked 1. 2, 3, and 4, left to der guiding the array up the 

right. The flat 4-wire rotor tower. When you reach the 

cable has one bright (tinned) top of the ladder, have the 

conductor and three plain assistant pull on the rope to 

copper wires. The tinned raise the array to a point 

(bright) lead connects to ter- about a foot or so above the 

minal 1 on both the rotor top of the rotator. Carefully 

and control units. The sec- lower and guide the array 

ond conductor is then con- mounting stub into the rota- 

nected to terminal 2, etc. If tor mount. Tighten the 

the terminal boards are U-bolt nuts until the teeth of 

wired in this manner, either the clamps firmly dig into 

unit may be disconnected the metal pipe stub The 

and reconnected without boom-to-stub mounting as- 

wiring errors. sembly is illustrated in Fig. 7. 

After the rotator and con¬ 
trol units are electrically Raising the Top Section 

connected together, plug After the rotator and the 
the control unit into the array are installed as out- 

110-V-ac source and turn lined above, we are ready to 

the indicator pointer to raise the top section to maxi- 

NORTH. When the rotator mum height. The coaxial 

has stopped turning, mark transmission line is connect- 

one side of the upper sec- e d to the array feedpoint be- 

tion with chalk or a spot of fore the top section is raised 

white paint. When the rota- The junction of the line and 

tor is installed on the top the feedpoint must be 

section, turn the marked wrapped with several layers 

side of the unit toward the of plastic tape to prevent 

north. Tighten the mounting the entry of moisture. If the 

U-bolts until the saw teeth coaxial line is made a multi- 

of the clamps bite into the p | e of a half wavelength, the 

metal pipe. The easiest way swr bridge can be inserted in 

to lift the rotator unit to the series with the line at any 

top of the cage section is to half-wave point and the swr 

raise it with a rope and pul- or impedance value indicat- 

ley. With the safety belt or e d will be the same as that 

rope attached to the tower, a t the array feedpoint The 

lift the rotator unit over the coaxial line and the control 

top end of the 1V4 -inch pipe, cable should be dressed 

turn the white spot toward away from the tower while 

the north, and tighten the the top section is being 

U-bolt nuts. raised. Use plenty of slack in 

these lines to prevent them 
Installing the Array binding or snagging on the 

For an easy installation of tower cross members, 
the array, make up a gin As mentioned previously, 
pole as shown in Fig. 6. The the 1 '/2-inch pipe top sec- 
12-inch L arm has an at- tion is held in the vertical 

tached rope and pulley as position by the U-bolts act- 

shown. If the array weighs ing as slip rings If you in- 

40 pounds or less, the rope tend to raise or lower the 

can be a length of 'A -inch top section frequently, it is 

nylon. For heavier arrays, a worthwhile to install a low- 

VS-inch nylon rope is recom- cost winch and cable assem- 

mended. Make sure that you bly, such as that used on 

have the proper size pulley trailers for small boats, to al- 

for the rope in use and that low the section to be 

the rope runs freely through cranked up or down with lit- 

the pulley opening. tie effort. Since W6TYH is 

One end of the rope is located on a ranch, we have 
tied to the center-of-gravity available several devices 















Fig. 8. Dimensions of 3-element 10-meter array. 


that are useful for lifting or 
hoisting heavy objects such 
as the tower top section. The 
device that we used is gen¬ 
erally referred to as a "come- 
along" and has a ratchet 
operated by a long handle. 
To raise a load, the han¬ 
dle is pumped in the same 
manner as that of an auto¬ 
mobile jack. A small-size 
hoist that sells for about 
fifteen dollars at auto parts 
stores will lift an 800-pound 
load to about 20 feet, 

Guys 

This tower is free-standing 
and is not guyed in the usual 
sense of the term. However, 
a pulley with about 100 feet 
of %-inch nylon rope is at¬ 
tached to the lower section 
of the rotator unit, primarily 
for the installation of a 
40-meter inverted-V dipole 
antenna. In addition, two 
60-foot, %-inch nylon ropes 
are tied to the guying loops 
at the bottom of the rotator. 
During normal weather con¬ 
ditions, these ropes are sim¬ 
ply dressed down one side 
of the tower and secured to 
the lowest cross member. 
During high winds, however, 
the ropes can be played out 
as guys and used to stabilize 
the tower. Also, you will no¬ 
tice that each array has a 
length of %-inch nylon rope 
trailing from each end of the 
boom. During normal opera- 
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tion, these ropes simply 
hang down and rotate with 
the array. When the weather 
is bad, with strong winds, the 
trailing ropes are secured to 
the tower to prevent the ar¬ 
rays from rocking up and 
down which might damage 
the gears of the rotator unit. 

The Arrays 

This tower has supported 
many arrays during the past 
several years. Photo A 
shows the tower with the 
two arrays in use at present. 
The upper array is a 2-ele¬ 
ment, 15-meter beam anten¬ 
na which was described in 
the May, 1980, issue of 73. 
This array, the LB-2, has 
been in use for about 7 years 
and has proved to be an ex¬ 
cellent DX antenna for both 
transmitting and receiving. 
The forward gain is 5.3 dB 
over a dipole under similar 
operating conditions. For 
constructional and adjust¬ 
ment data, refer to the arti¬ 
cle in the above-named 
issue. 

The second array (at the 
lower level) is a 3-element, 
10-meter array designed for 
maximum forward gain con¬ 
sistent with optimum front- 
to-back ratio. The forward 
gain is 8.5 dB over a dipole. 
The spacings of the ele¬ 
ments and the element 
lengths, together with the di¬ 
mensions of the matching 


system, combine to produce 
a perfect impedance match 
between the array feedpoint 
and the 52-Ohm coaxial 
transmission line. The di¬ 
mensions of the 3-element 
array are given in Fig. 8 

The driven and parasitic 
elements are made up from 
the popular "hobby"’ alumi¬ 
num tubing sold at many 
hardware stores and build¬ 
ing-supply houses. The cen¬ 
ter sections are 8-foot 
lengths of Vi-inch-diameter 
tubes (0.055-inch wall thick¬ 
ness). With the 0.055-inch 
wall thickness, a %-inch o.d. 
tube will telescope snugly 
within the Vi-inch o.d. tube. 

The inside and outside 
surfaces of these tubes have 
an oxidized finish which 
must be removed from the 
two surfaces that make elec¬ 
trical contact. To remove 
the oxidized finish from the 
telescoping portion of the 
smaller tube, sand its out¬ 
side surface with 00 sandpa¬ 
per and then polish it with 
steel wool until the surface 
is bright and shiny The 
finish may be removed from 
the inside surface of the 
larger tube by wrapping a 
smaller diameter wooden 
dowel with a strip of sand¬ 
paper or emery cloth and 
moving it up and down in¬ 
side the tube until the inner 
surface is bright and clean. 
Before the elements are 
finally assembled, the 


telescoping contact sur¬ 
faces should be coated with 
an antioxidizing compound, 
available at most electrical- 
supply stores. 

After the reflector and di¬ 
rector elements are assem¬ 
bled and adjusted to the 
correct lengths, the electri¬ 
cal connection may be 
made secure by four or five 
self-tapping stainless-steel 
sheet-metal screws arranged 
in a spiral around the tube. 
After the joint is made se¬ 
cure electrically, wrap it 
with several layers of plastic 
tape to keep out air and 
moisture. If each end of 
each element is sealed with 
a wooden plug and water¬ 
proof cement, the joints will 
not corrode and will main¬ 
tain good electrical contact 
for several years. 

The Driven Element and 
Matching-Stub Adjustments 

In the stub-matching sys¬ 
tem, the dimensions of the 
stub and the overall length 
of the driven element are 
critical. The stub acts as an 
inductive reactance (Xl) and 
the antenna is adjusted to 
act as a capacitive reac¬ 
tance (Xc). The correct com¬ 
bination of the two reac¬ 
tances will resonate the driv¬ 
en element at the desired 
frequency, 28.6 MHz in this 
case. The stub also acts as a 
balun, converting the 52- 
Ohm unbalanced imped¬ 
ance at test point A to a bal¬ 
anced 17- to 20-Ohm imped¬ 
ance at the center of the 
driven element. The imped¬ 
ance stepdown ratio (about 
3 to 1) is determined by the 
ratio of the stub, X^, and the 
antenna, X c . With stubs of 
the specified dimensions, 
the length of the driven ele¬ 
ment, tip to tip, will be 
about 5 inches shorter than 
the length required for 
resonance with the common 
gamma match The band¬ 
width of the array, each side 
of the center frequency, is 
dependent upon the correct 
ratio of the two reactances 
and the spacing of the two 
stub conductors. Extensive 
experimental work has 






Fig. 9, Matching stubs for 10-meter array. 


shown that best results on VA inches, the bandwidth in the photos, no antenna 
the 15-meter band are ob- of the LB-2 array is flat (1 to tuner or matching device is 
tained with the two ’/ 2 -inch 1 swr) from 21.050 MHz to used even with solid-state 
tubes spaced 3'/2 inches, 21.400 MHz. At 21.0 MHz output circuitry in the 
center to center. This spac- and 21.450 MHz, the swr is transmitter, 
ing corresponds to a surge about 1,3 to 1. The forward For the IO meter array, 
impedance of about 360 gain is virtually constant the stub tubes are spaced 5 
Ohms With a shorted stub across the entire 15-meter inches apart, center to cen- 
45 inches long and spaced band. With the array shown ter. Either of two stub types 

may be used. For the sim- 
plest Possible adjustments, 


use the short stub with the 
fixed-position shorting bar. 
The 25 'A -inch length is cor¬ 
rect for the center frequen¬ 
cy of 28.6 MHz. For a center 
frequency of 28.4 MHz, the 
stub should be made 26 
inches long. For a center fre¬ 
quency of 28.8 MHz, the 
stub length should be made 
24 inches long. With this 
stub, it is only necessary to 
carefully adjust the length 
of each half of the driven el¬ 
ement until a zero reflected- 
power indication is obtained 
at test point A or at any half¬ 
wave point along the trans¬ 
mission line away from the 
antenna. To maintain elec¬ 
trical balance in the array, 
each half of the driven ele¬ 
ment should be lengthened 
or shortened by the same 
amount. The electrical 
balance of the array can be 
checked by touching each 
end of the driven element, in 
turn, with a fingertip. The 
swr indicator deflection 
from zero should be the 
same when touching either 
end of the element The 
electrical balance of the 
parasitic elements can be 
checked in the same man¬ 
ner. It will be found that the 
director-element tips are 



Fig. 10. 15-meter array. 


Photo F. Bracing details. 
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very sensitive to any con¬ 
ductive object while the re¬ 
flector-element tips are rela¬ 
tively insensitive. 

The long-stub conductors 
are each 44 inches long and 
spaced 5 inches apart. The 
stub alone has an induc¬ 
tance value greater than 
that required to match the 
52-Ohm line to the balanced 
driven-element feedpoint. 
The inductance value can 
be reduced by shunting a 
100-pF air-dielectric variable 
capacitor across the open 
end of the stub In this appli¬ 
cation, the variable capaci¬ 
tor action is similar to that 
of an adjustable shorting 
bar, allowing the stub induc¬ 
tance to be adjusted as 
required. 

To start the matching pro¬ 
cedure using the long stub, 
adjust the variable capaci¬ 
tor to about one-half maxi¬ 
mum capacitance (about 50 
pF). Adjust the driven- 
element length, tip to tip, to 
about 16 feet, 5 inches. 


Make sure each half of the 
driven element is the same 
length. Connect the swr me¬ 
ter (bridge) in series with the 
.52-Ohm line at test point A 
or at any half-wave point 
along the line away from the 
arrav To the transmitter end 
of the 52-Ohm line, apply an 
unmodulated carrier of 28.6 
MFfz and about a 5-Watt 
power level. Adjust the swr 
meter indicator for exactly 


position Change the switch 
to indicate reflected power. 
Carefully adjust the length 
of each half of the driven el¬ 
ement until zero reflected 
power is indicated on the 
swr meter. After the array 
has been installed on the 
tower, the variable capaci¬ 
tor is adjusted to correct any 
detuning of the driven ele¬ 
ment when it is removed 
from the vicinity of the 
ground. The electrical bal¬ 
ance of the array is checked 
as outlined above. ■ 
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A Little Gem for QRP 

The T2FD antenna thinks it's a full-size rhombic . 
Feeding is believing: 


W. Brandon Randolph W8VFT 
895 Clifton Road 
Xenia OH 45385 


W hile much has been 
written about anten¬ 
nas in general, little has 
been published about out¬ 
standing radiators for seri¬ 
ous QRP work. From reading 
some of the journals, one 
would think that QRP is il¬ 
legitimate unless transmit¬ 
ted from a dipole buried in 
the basement Since I do not 
subscribe to the premise 
that a second-rate antenna 
is required to operate QRP, I 


constructed a QRP version 
of W3HH's T2FD antenna. 
This little gem is a real per¬ 
former, and I would like to 
share with you the plans for 
its construction. 

For those not familiar 
with the antenna, a little 
history is in order. T2FD 
means terminated folded di¬ 
pole This antenna reminds 
me of a folded-back termi¬ 
nated rhombic. The initial 
data appeared in QST in 
June, 1949. The next article 
appeared in CQ in Novem¬ 
ber, 1951. CQ also published 
a book called Antenna 
Roundup in 1963. It con¬ 
tained two very informative 
articles on this antenna. 


I constructed one of these 
antennas prior to the Xenia, 
Ohio, tornado in April, 1974 
I was using a custom-made 
high-power terminating re¬ 
sistor, and since it could not 
be replaced, I did not con¬ 
sider rebuilding this antenna 
after it was destroyed. By 
the time we moved to the 
country, I had forgotten 
how well this antenna per¬ 
formed. 

After moving to the coun¬ 
try, we installed a wind-pow¬ 
ered electric system, and 
QRP seemed very appropri¬ 
ate. After optimizing our 
electric system, I was not 
willing to operate with a sec¬ 
ond-rate antenna. 

After looking through sev¬ 
eral antenna books, I ran 
across my old friend T2FD. 
The terminating resistor has 
always been the difficult 
item to obtain. Since I want¬ 
ed to operate with five 
Watts, I figured it should be 
easy to parallel two-Watt 
carbon resistors for any val¬ 
ue I needed. This was the 
birth of my QRP T2FD. 

The antenna is configured 
as a sloping folded dipole. 
One end of the antenna is 
attached at an appropriate 
height on a tower or pole 
and the other end can be 
tied to a fence post or what 
have you. In the drawing, 
you will notice that it is fed 
with 300-Ohm TV-type rib¬ 


bon. This antenna can be 
fed with other impedance 
lines, but it is beyond the 
scope of this article to cover 
all possible designs. If 300- 
Ohm feedline is not accept¬ 
able, I would suggest you 
research the previously- 
mentioned articles for com¬ 
plete design information. I 
chose 300-Ohm feedline be¬ 
cause it was cheap and read¬ 
ily available. 

Constructing 
the Terminating Resistor 
For 3000hm feedline, the 
terminating resistor is a rath¬ 
er critical 390 Ohms. It just 
so happens that ten 
3900-Ohm, two-Watt resis¬ 
tors in parallel will give us 
390 Ohms at a 20-Watt rat¬ 
ing. So far, so good. A 
1-1/8-inch hole saw will cut 
two circles in a piece of cir¬ 
cuit board faster than I can 
describe it These two cir¬ 
cles will form the end plates 
for a resistor cluster pack. 
Holes are drilled through 
the board so that three resis¬ 
tors are centered around the 
middle of the circle. Then 
the remaining seven resis¬ 
tors are equally distributed 
around the circumference. 
This procedure is repeated 
on the other end plate. 
When all the resistors are 
properly aligned with the 
copper side of the circuit 
board facing away from the 



The terminatin&resfetor assembly. 
26 73 Magazine • May, 1984 




resistors, the assembly may 
be soldered. The result will 
be ten resistors wired in 
parallel. 

This resistor pack will 
now have to be weather¬ 
proofed The following ma¬ 
terials will be needed: one 
piece of PVC pipe 3’/i' long 
and 1V4 " in diameter; two 
1V4 • PVC end caps; two 
screw eyes with lock wash¬ 
ers and nuts; two large flat 
washers that will just fit 
inside the end caps; two 
nine-inch-long pieces of V* ” 
tinned braid; one tube of GE 
silicone rubber cement; and 
a small can of PVC pipe 
cement. 

Drill a hole through the 
center of the pipe caps. Drill 
a second hole next to this 
center hole. This second 
hole is where the braid will 
come through. Thread the 
braid halfway through the 
second hole. Insert the eye- 
bolt through the center hole 
Now put the large flat wash¬ 
er inside the pipe cap, bring¬ 
ing the braid out around the 
inside. Slip on the lock 
washer and nut and tighten 
down the assembly. A little 
silicone rubber cement will 
waterproof the hole where 
the eyebolt and braid come 
through the end cap. Repeat 
the procedure for the other 
end cap and allow both ends 
to dry. 

The next step is to trim 
the braid on the inside of the 
end caps to the shortest 
length that can be readily 
soldered to the copper foil 


of the resistor pack. Solder 
the braid of the other end 
cap to the other end of the 
resistor pack. Cement both 
ends of the PVC pipe liberal¬ 
ly and shove the assembly 
together. Allow it to dry 
while you work on the re¬ 
mainder of the antenna. 

Sticks and Stuff 

Since the antenna is for 80 
meters, the total length is a 
little over 90 feet Separa¬ 
tors must be used to keep 
the antenna aligned. Eight 
wooden dowel rods 3 feet 
long and V* inch in diameter 
will fill the bill. For the end 
separators, we will need two 
dowels 3 feet in length but 
Vi inch in diameter. Five 
small porcelain insulators 
will be needed, one for the 
center and two at each end. 
Plastic separators would be 
preferable but wooden dowel 
rods that have been soaked 
in oil will weather reason¬ 
ably well. 

The two sides of the di¬ 
pole must be separated by 2 
feet 10 inches. This makes it 
easy using the 3-foot rods. 
Measure back one jnch from 
each end and drill your 
holes. These holes should be 
drilled before the rods are 
soaked in oil. 

Bits and Pieces 

The assembly of the wire 
part of the antenna should 
be apparent from the draw¬ 
ing. The wire should be cut 
to the correct length each 
side of center, and the sepa¬ 


rators should be threaded 
on the wire. When this is 
completed, the center insu¬ 
lator and terminating resis¬ 
tor can be installed. The 
braid coming through the 
end caps should be soldered 
to the antenna wire con¬ 
nected to the eyebolts. This 
will make a good electrical 
connection from the resistor 
pack to the antenna while 
the eyebolt will take the 
weight of the antenna off 
the internal resistors. The 
300-Ohm lead-in wire should 
now be soldered to the cen¬ 
ter insulator feedpoint. 

We are now ready to pull 
the antenna up into posi¬ 
tion. It does not matter how 
the antenna is oriented with 
reference to the ground. It 
will probably lie horizontally. 
This is not important to its 
operation, but it should 
slope toward the ground at 
about a 30-degree angle. 
This antenna does not re¬ 
quire much real estate and 
should be popular with 
those living in the city. 




Fig 3. Erect the antenna so 
that the angle of tilt is from 
20 to 40 degrees for omnidi¬ 
rectional operation. 

Basic design information 
is included on the drawing in 
case you may want to scale 
down this 80-meter version 
to 40 meters. If constructed 
as shown, this antenna will 
operate on all bands from 80 
through 10 meters, including 
the new 30-meter band. 

Feeding the Baby 

The T2FD is best fed with 
an antenna tuner. Any bal¬ 
anced-output tuner that will 
match 300 Ohms to 52 
Ohms should do fine. I am 
using a very uncomplicated 
home-brew tuner with excel¬ 
lent results. QRP can be very 
challenging and a lot of fun. 
This antenna will give good 
results with a minimum of 
space needed. Good luck, 
and I'll be looking for you 
on QRPCW.B 


T2FD Basic Design Data 

1. The length of each leg from the center is equal to 50,000 
divided by the lowest desired operating frequency (in kHz) and 
then multiplied by 3.28. The answer is in feet 

2. The spacing between radiating wires is equal to 3000 divid¬ 
ed by the lowest desired operating frequency (in kHz) and 
then multiplied by 3.28. The answer is in feet. 

3. The sloping angle for a nondlrectlonal pattern should be of 
the order of 30 degrees. 

4. The terminating resistor should be noninductive and have a 
rating equal to 35% of the transmitter input power. 
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"The Tops of the Palm Trees" 

20,000 QSOs. Coral Sea. Banyandah. 


Harry Mead VK2BJL 
PO Box 85, Round Corner 
2158 N.S.W., Australia 


W ithin the compass of 
Oceania there are a 
few DX locations that are 
rarely visited because of 
sheer inaccessibility, and 
they rate highly on the most- 
wanted lists of amateurs 
around the world. Mellish 
Reef is in that category. It is 
an isolated volcanic peak 
rising a few meters above 
sea level from the depths of 


the Coral Sea, far removed 
from any shipping lanes and 
about 600 miles from any 
habitation—with the sole 
exception of the small 
weather crew on Willis 
Island. Few people have 
trod the coarse coral sand 
that hides the volcanic ash 
and supports vast numbers 
of gannets and frigate 
birds who annually nest and 
raise their young amongst its 
sparse vegetation. Nor can it 
be found on any but the 
most comprehensive maps 
since it has little signifi¬ 


cance in any of man's ac¬ 
tivities. 

Discovered by the British 
survey vessel HMS Herald in 
1827 and charted for the ad¬ 
miralty, the major cay inside 
the lagoon was named 
Herald's Beacon. The minor 
cay about four miles north 
of it remains uncharted to 
this day, and it is probable 
that no human foot has ever 
been set upon its shores. 

The late John Martin 
VK3JW led an expedition of 
Australian amateurs there in 
1973, and I headed an inter¬ 
national group of amateurs 
in 1978 for a second postwar 
activation of the reef, but by 
late 1981, Mellish Reef had 
once more climbed into the 
top 50 of the world's most- 
wanted DX locations. After 
our 1980 expedition to ZM7, 
Jack Binder KB7NW had 
gone down to New Zealand 
for a refit to his ketch Ban¬ 
yandah and was due to re¬ 
turn to Australia early in 
1982. We had been discuss¬ 
ing another DXpedition, and 
one to Mellish Reef was the 
logical choice after our 
hopes for a trip to the Ker- 
madecs had been frustrated. 


Jack and I held a weekly 
sked which now was taken 
up with detailed planning. 
First, we established a time 
slot for the operation: It had 
to be later than the hur¬ 
ricane season and early 
enough to take advantage 
of favorable winds. It was 
also important that we be 
there during or near the 
peak of the equinoctial prop¬ 
agation since the sunspot 
cycle was rapidly on the de¬ 
cline. The cyclones tradi¬ 
tionally move north during 
April and it would be unlike¬ 
ly that we would have one in 
the Coral Sea after that date, 
but on the other hand, the 
equinox was then five weeks 
past The favorable wind 
would continue for several 
months, so a compromise 
was made between the two 
former criteria and we set¬ 
tled on sailing from the 
mainland during the first 
week in May. Allowing for a 
three-day stopover at Willis 
Island for some CW opera¬ 
tion, Jack calculated that 
the round trip could be ac¬ 
complished in three to four 
weeks. 

Our next task was to re- 




Franz DI9ZB operating with the TS-520. 


emit a crew to man the ex¬ 
pedition. There are many 
factors that influence the 
success or otherwise of an 
expedition, but none more 
than the caliber of the team 
involved. In this respect, it 
would be hard to find a bet¬ 
ter group that had all the 
vital elements necessary to 
achieve success. Franz Lang- 
ner DJ9ZB with Bruce John¬ 
son VK3DHT would concen¬ 
trate on handling the phone 
section while Fernando Fer¬ 
nandez EA8AK and I would 
devote most of our oper¬ 
ating to CW. 

Once the team was estab¬ 
lished, the logistics were 
tackled and sponsorship 
sought Jack had purchased 
two Onan generators, two 
tents, and many of the vital 
supplies in Flawaii prior to 
the Kingman Reef and Pal¬ 
myra Island expedition. 
They had been purchased 
after considerable debate as 
to the most suitable for use 
under extreme conditions 
and had served well on KH5 
and ZM7. Rigs and antennas 
would come from our own 
resources. 

Like all other enterprises, 
inflation has affected the 
cost of DXpeditions. Major 
expeditions are becoming 
less and less viable; there¬ 
fore, a substantial donation 
from the North California 
DX Foundation was of great 
assistance to our venture. 
Nevertheless, the dream of a 
major annual DXpedition 
has often gone under from 
the sheer weight of escalat¬ 
ing costs. 

We arranged to assemble 
in Sydney and drive up to 
Queensland to our point of 
departure. Fernando had 
left the Canary Islands early 
to visit the conventions at 
Fresno and Dayton and was 
the first to arrive in Sydney, 
followed by Bruce a few 
hours later with Franz ar¬ 
riving the following morn¬ 
ing. Jack had taken Banyan- 
dah up to Bundaberg, and 
on our final sked before de¬ 
parture asked us to be 
alongside the dock around 


noon of the following day so 
that we could sail on that af¬ 
ternoon tide. He took on 
fuel, gasoline for the gener¬ 
ators, and fresh supplies as 
we drove north 1500 kms 
with 25 hours before sailing 
time (Bruce and I sharing the 
driving). We gave Franz and 
Fernando a memorable ride 
through some of Australia's 
outback and managed a 
few hours sleep just north of 
Brisbane at Caboolture, to 
arrive almost to the hour 
alongside Banyandah at 
Bundaberg. With the rigs 
and antennas stowed aboard, 
the auto was handed over 
to be stored in Brisbane 
awaiting our return With 
our personal gear stowed 
and sleeping quarters allo¬ 
cated, we were ready to 
sail. 

Two hours later we were 
at the mouth of the river. As 
the sun began to set and the 
lights on the shore slowly 
dropped astern, with sail set 
and a stiffening breeze we 
headed out to the edge of 
the Barrier Reef and the 
open seas ahead. 

The morning of May 3rd 
saw us clear of the reef on a 
northeasterly course for 
Frederick Reef. Banyandah 
was making a steady seven 
knots in moderate seas, with 
whitecapped waves rolling 
along with us, an occasional 
porpoise rushing across our 
bows, and flying fish skim¬ 
ming across the troughs of 
the waves. With only a few 
puffy white clouds scudding 
across the sky. star sightings 
at night and sun shots during 
the day gave us continual 
navigation checks and con¬ 
firmed that we were making 
excellent time. 

Because of the whitecaps, 
we stood well clear of Sam- 
auriz Reef. We looked for 
the wreck which we had 
clearly seen on our previous 
trip, but as we could see the 
heavy breakers along the 
reef as we passed along its 
length, we surmised that she 
had broken up and disap¬ 
peared in the intervening 
years. 


On the third night we saw 
the loom of the unattended 
light on Frederick Reef and 
made a running fix as we 
passed; it would be our last 
terrestrial fix before we 
reached Mellish Reef. 

The fourth day out the 
winds slackened, and by 
nightfall the sails were flap¬ 
ping idly in the soft breeze. 
Jack started the engines and 
took the sail in. With less 
than sixty miles to go, we 
felt a little disappointed that 
the wind had not held to see 
us right in, even though it 
would have made little dif¬ 
ference. The sun would 
need to be high in the sky to 
help us to see our way 
through the reef, and sailing 
or motoring, we had time in 
hand. 

At daybreak on May 7 th, 
Jack waited for the sun to 


get high enough in the sky to 
get a fix and, having done 
so, climbed the mast, scan¬ 
ning the horizon for a sign of 
the reef. That we were not 
far away was evident by the 
large number of sea birds 
wheeling around. Another 
sun shot, a recheck of the 
calculation, and we were 
certain that we were on the 
correct latitude. Were we 
east or west of our destina¬ 
tion? It was an even chance. 
We could not wait until 
nightfall to take star sights; a 
decision must be made. If it 
was wrong, we stood to lose 
a day; if it was correct, we 
would find the reef while the 
sun was high and we could 
go in. 

The birds appeared to be 
coming from the west. If 
that were so, then the reef 
lay to the west. We turned 
westward and once more 



The author operating from the weather station on Willis 
Island[ 
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The operating site on Herald's Beacon. 


Jack climbed the mast and 
scanned the horizon; in less 
than an hour he saw break¬ 
ers to the northwest about 
five miles away. A new 
course was set, hands were 
shaken, backs were slapped, 
and smiles wreathed our 
faces as we peered ahead 
waiting for the breakers to 
be visible from deck level. 

Judith took the wheel; 
Jack once again climbed 
to the masthead and guid¬ 
ed Banyandah closer to 
the outer reef, carefully 
threading the ship between 
the jagged coral heads, 
black and menacing just 
below the surface, until we 
found the charted boat pas¬ 
sage inside the reef. The thin 
edge of white sand was now 
clearly visible, and slowly we 
inched Banyandah through 
the gaps in the coral heads, 
some of which were now 
just awash, waving their 
long fronds like cheerlead¬ 
ers at a ballgame. We stead¬ 
ily closed the distance be¬ 
tween Banyandah and the 
shore until, 300 yards out 
the coral heads surrounded 
us on three sides. Engines 
were stopped, the bow an¬ 
chor dropped, and we halt¬ 
ed. A stern anchor went 
down, the slack was taken 
up, and we had arrived. 

It was still before noon, so 
we had many hours of day¬ 
light left to get ashore and 
set up. Jack got the dinghy 
launched and the outboard 
fitted, and he set off for the 
shore with Franz whilst 
Judith and the rest of the 
crew brought the rigs and 
equipment on deck. We fol¬ 
lowed closely our prear¬ 
ranged plan: I joined Franz 
ashore and we proceeded 
to assemble one of the 
beams. Fernando and Bruce 
followed and, with Jack, 
erected the first tent Very 
soon we were ready to put 
the first station on the air. 
The generator started on the 
first pull; a quick check of 
the bands showed 15m and 
20m wide open, with a few 
signals evident on 10m. I 
tuned up the 901 DM, called 
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CQ on 14195, and was an¬ 
swered by VK2DJE; within a 
minute, a pileup had started. 

I handed over to Fernando, 
joined the others in getting 
the second antenna up, and 
we got Franz away on 21 
MFJz. VK9ZR was away to a 
good start. 

With everything squared 
away, Fernando and Franz 
settled down to a steady 
rate of QSOs; Bruce, Jack, 
and I straightened our backs 
and took stock of the island. 
Jack and I were dismayed at 
the devastation of the island 
now compared to how it had 
been during our previous 
visit. The cay had been 
swept recently by Cyclone 
Bemie and most of the har¬ 
dy foliage that had once 
spread thinly over the sur¬ 
face of the island had van¬ 
ished. So had most of the 
coral sand, leaving the frag¬ 
mented volcanic ash ex¬ 
posed, littered everywhere 
with dead and rotting car¬ 
casses of birds. We counted 
over 700 carcasses—proba¬ 
bly twice as many had been 
swept into the sea. Those 
birds which had survived 
were still distraught and 
startled, and as the sun set 
and for long after, they 
wheeled and screamed over 
and around the island like a 
swarm of starlings scattered 
by a farmer's gunshot 
Where previously it would 
have been difficult to pick a 
way between the nesting 
birds, only the occasional 
hermit crab disturbed the 


scene. We were later to 
learn that wind velocities of 
180 mph had been recorded 
in the area as the cyclone 
passed through. 

The standby rig was set 
up in the sleeping tent and 
to enable the expedition to 
satisfy prior requests to join 
some of the DX nets, checks 
were run to see if two sta¬ 
tions running on the same 
band would cause any prob¬ 
lems. Using the 18AVT verti¬ 
cal, results were as we had 
found in the pre-expedition 
tests: no cross-modulation 
or breakthrough was experi¬ 
enced on either station that 
was sufficient to interrupt 
the QSO rate of any of the 
stations, and from that time 
on three stations were run¬ 
ning any time conditions 
allowed. 

We had agreed that the 
cardinal aim of the expedi¬ 
tion would be that every am¬ 
ateur who wanted to work 
VK9ZR would have equal 
opportunity, and while the 
beams were turned in the di¬ 
rection of optimum propa¬ 
gation, directional calls 
would be made only when 
the sheer size of the pileups 
made it impossible to do 
otherwise. An analysis of the 
1978 logs had shown which 
areas had lost out during 
that expedition, and all op¬ 
erators were alerted to keep 
a special ear for those areas. 
The only dead period, when 
no propagation was possible 
on any band, occurred be¬ 
tween 1600Z and 2000Z, 


and although a listening 
watch was maintained 
throughout those hours, on¬ 
ly a CW rag-chew with 
ZK1VU resulted. 

During our stay on Mel- 
lish Reef, Fernando had a 
bereavement in his family, 
and I would like to record 
our thanks to the operators, 
worldwide, who kept the 
channel clear while he was 
passing and receiving traffic 
back home. When the chips 
are down, the vast majority 
of amateurs prove that they 
are the gentlemen we as¬ 
sume them to be. 

By the second day, we 
had passed the 8000 QSO 
mark, equipment and gener¬ 
ators performed perfectly, 
the sun shone, and a swim in 
the lagoon was a welcome 
refresher. My recollection of 
previous expeditions gave 
the impression that the pile- 
ups were bigger this time 
than I had previously experi¬ 
enced, but I could be wrong. 
Bruce, who was taking part 
in his first DXpedition, 
handled his share like a sea¬ 
soned DXer. 80- and 40-meter 
propagation was not as good 
as we had hoped; the num¬ 
ber of QSOs on those bands 
was disappointingly low. 
Even so, every station we 
heard made a contact. 

On the third day, we re¬ 
ceived the news that weather 
conditions were deterio¬ 
rating; a number of dark 
clouds appeared in the sky, 
and in the evening freshen¬ 
ing winds blew down one of 
the beams. No damage was 
done and it was quickly re¬ 
erected. In the process, we 
discovered metal stakes 
buried in the sand that were 
from our 1978 expedition, 
and one of them served a 
second term of duty. 

We passed our target of 
15,000 QSOs on the fourth 
day and decided, in view of 
the rising winds and the 
knowledge that a cyclone 
was developing to the west 
of us, that we would close 
down on the following day. 
At daybreak we started to 
dismantle the sleeping tent 





The team: L to R, Fernando EA8AK, Franz DJ9ZB, Harry 
VK2BIL, Bruce VK3DHT, and lack KB7NW. 


and gradually move the 
equipment back to Banyan - 
dah. As the day progressed, 
we continued to pack up un¬ 
til only the vertical antenna, 
one generator, and one rig 
remained. The pileup was 
still wide and deep as we 
waited for the last run from 
Banyahdah to take us off. A 
final QSO with WA6ZWE at 
0423Z, and the Mellish Reef 
1982 expedition was over. 
Back aboard, the gear was 
again stowed away secure¬ 
ly, anchors were weighed, 
and Banyandah once more 
picked her way through cor¬ 
al heads towards the open 
sea. Almost one hour after 
our final QSO, Herald's Bea¬ 
con slipped below the hori¬ 
zon and we were setting 
course for Willis Island. 

The second leg of our 
Coral Sea DXpedition was to 
provide the excitement of 
the voyage, for whilst the 
trip to and the operation on 
Mellish Reef had gone ac¬ 
cording to plan and our best 
expectations were realized, 
the homeward leg via Willis 
Island was menaced by Cy¬ 
clone Domenic and the af¬ 
termath right up until we 
reached the lee of the Aus¬ 
tralian coast close to Cairns. 

The course to Willis 
Island from Mellish Reef 
took us close to Magdalene 
Reef from whence we set a 
course to approach Willis 
Island from the southeast. 
To reach Willis in the fore¬ 
noon, Magdalene Reef had 
to be passed during the 
hours of darkness and spot- 
on navigation was essential. 
Many anxious hours had 
been spent on the previous 
expedition peering through 
the darkness for breakers on 
a moonless night whilst 
listening for a 2m signal 
from Bill VK9ZM on which 
we could take a bearing. 
This time we had no 2m sig¬ 
nal, but there was a waning 
moon. 

The winds had risen to 
almost 40 knots after we 
left Mellish, Banyandah was 
lively in the rising swell, and 
wet tails were the order of 
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the day as the lee rail dipped 
under and green seas swept 
into the cockpit We were 
running under a reefed 
mainsail and peaking to 9 
knots; Cyclone Domenic was 
only 400 miles to the east 
of us and we were getting 
the edge of its fury. At 
that stage it was stationary 
and we anxiously waited to 
see which way it would 
move. 

We did not sight Magda¬ 
lene Reef; Jack calculated 
that we had passed it 12 
miles to our south when we 
altered course for Willis 
Island, and he took in more 
sail to make sure we did not 
run down on the reef in the 
early hours of the morning 
The weather crew had prom¬ 
ised to put on a navigation 
light at the top of their radio 
mast, but we did not see it 
and Jack hove to until day¬ 
light before continuing on 
our course. 

It was around seven in the 
morning when we saw the 
tops of the palm trees on 
Willis Island. As we came 
closer, we saw heavy seas 
pounding on the reef and 
rolling into the lagoon, and 
as we moved round the is¬ 
land to find a lee shore in 
which to make our ap¬ 
proach, we could see the 
weather crew against the 
white building watching our 
progress as we cautiously 
approached the anchorage. 

Jack put down two an¬ 
chors for safety, unshipped 


the dinghy, and one by one 
we were transported ashore. 
Tony VK9ZH welcomed us 
on landing and introduced 
us to the rest of the weather¬ 
station crew: Arthur the 
skipper, Athol, and Jerry. 
We had brought mail and 
some urgently needed sup¬ 
plies, not the least of which 
was a replenishment of the 
beer and cigarette supplies 
for Jerry, who, in a moment 
of bravado, had quit smok¬ 
ing and consigned the re¬ 
mainder of his six-months 
supply to the ocean only to 
change his mind the fol¬ 
lowing morning. He had 
spent nearly two months 
regretting his action whilst 
he waited for our arrival. 

After a hearty breakfast 
we each indulged in the lux¬ 
ury of a hot shower (the first 
since leaving the mainland) 
before we were offered a 
space in the operations 
room to set up our station. 
The vertical was set up on 
the lawn outside the main 
building and the beam used 
by Tony was put at our dis¬ 
posal. I opened up on 20m 
CW at 2316Z, several hours 
earlier than our anticipated 
arrival. Our original plan 
had been to stay for 48 
hours, but the winds from 
Domenic remained steady 
at 40 knots and the seas 
were even heavier than 
when we arrived. The tops 
of the palm trees, bent over 
in the wind, conveyed the 
force of the gale. 


Conditions on the air had 
deteriorated, too. Propaga¬ 
tion to the east coast of the 
USA was poor on all bands, 
and to most of the USA it 
was only moderately good. 
There were a couple of short 
openings to Japan on six me¬ 
ters and a few European 
contacts on 80m. We ex¬ 
plored the island while away 
from the rig, observing the 
birds nesting in the same 
manner we had expected to 
find on Mellish Reef Willis 
Island is also a breeding 
ground of the large turtles, 
and the eggs that they had 
laid on the island were now 
hatching so that baby turtles 
were seen scuttling down to 
the ocean, so small that they 
nestled cozily in the palm of 
a hand. 

Good rains over the past 
six months had made the 
grasses and wild flowers 
lush and verdant and the 
buttons of the yellow and 
violet wild flowers formed 
garlands around the nests of 
the sea birds, with their eggs 
or chicks. They showed no 
fear of us as we quietly ob¬ 
served them in their habitat. 
The rains also had replen¬ 
ished the weather station's 
water supply and the stor¬ 
age tanks were full. 

We were impressed by 
the routine of the weather¬ 
station crew in their collec¬ 
tion of weather data and 
dedication to the mainte¬ 
nance of station buildings 
and environs; the remote¬ 
ness of their isolation was 
brought home even more 
when we saw by the visitors 
list that fewer than 70 peo¬ 
ple had called in the past 60 
years since the station was 
established! 

As the time of our sched¬ 
uled departure approached, 
we watched the weather 
pattern over the area, hop¬ 
ing for a change. Domenic 
appeared to be weakening 
and moving slowly away 
from us, but the winds still 
remained a steady 40 knots 
and the sea was still heavy 
enough to make the run out 
to Banyandah a hazard. 
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Added to this, the run from 
Willis to the mainland was 
an obstacle course with 
more reefs and the narrow 
Grafton Passage through the 
Outer Barrier Reef. Flights 
out of Australia had already 
been booked, however, and 
Franz and Fernando would 
incur a heavy financial 
penalty if they were missed, 
adding to the burden of an 
already costly expedition. 
Naturally, they were anxious 
to leave according to 
schedule. 

Jack, aware of our predic¬ 
ament, left the decision to 
us but nonetheless coun¬ 
selled caution and advised 
us to delay our departure by 
24 hours. Arthur, with his ac¬ 
cess to so much data, con¬ 
sulted the meteorological 
center in Townsville and 
added his weight to Jack's 
advice. A delay of 24 hours 
would still allow flight con¬ 
nections to be made, but 
there was no guarantee that 
the weather would improve; 
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it was at best a 50/50 
chance. We bowed to their 
superior wisdom and settled 
down to another day of op¬ 
erating. 

Banyandah had shifted 
anchorage several times 
during our stay when an¬ 
chors dragged or the shelter 
of the land proved inade¬ 
quate to the safety of the 
vessel. Once she lost an an¬ 
chor which had to be dived 
for the next day. 

When the sun rose on the 
morning of the 17th of May, 
the wind was still maintain¬ 
ing its velocity and we de¬ 
cided that we could delay 
no longer. All the gear was 
carefully sealed in plastic 
bags and taken down to the 
beach. The dinghy raced 
through the surf and was al¬ 
most on end as it crashed 
through the crest of the 
breakers. Jack had insisted 
that we wear life jackets, so 
we were relieved when all of 
the crew and gear were safe¬ 
ly aboard Banyandah with¬ 


out damage or a dunking. It 
took most, of the day before 
everything was stowed away 
and then, when we were 
ready to leave. Jack dis¬ 
covered a fouled anchor 
which required a further 
hour to clear from the coral 
shelf under which it had 
wedged. The sun was setting 
when we got under way, and 
with a farewell wave to the 
group watching us from the 
shore, we turned our bow 
away from the island and in¬ 
to the wild seas beyond. 

To clear the dangerous 
areas in daylight. Jack calcu¬ 
lated the speed we should 
make to come up to Swain 
Reefs during mid-morning, 
but the winds pushed us 
along well in excess of that 
requirement and the light 
sail was shortened still fur¬ 
ther to slow us down. Sleep 
was difficult but the 
securest way to be in those 
high seas was horizontally 
polarized in our bunks. 
Calmer seas brought us on 
deck soon after daybreak, 
however, and we were in the 
lee of Swain Reefs. Inside 
the line of breakers to our 
north and extending to the 
horizon, the coral heads 
loomed dark beneath the 
surface, picked out by the 
sandy bottom reflecting 
through emerald water. On 
our last trip, there had been 
a Taiwanese fishing boat 
high on the submerged cor¬ 
al, her bottom ripped out by 
the jagged spurs, but like the 
wreck on Samauriz, there 
was no trace of her either. 

In the calm lee of the reef 
we dropped anchor and had 
a hearty breakfast We had 
gained several hours on the 
run from Willis Island and 
the wind had still not 
abated. Weather reports 
were coming in that a 
change was on the way — 
that Cyclone Domenic had 
moved still further east and 
was dying out By delaying 
our departure from Swain 
Reefs for several hours, Ban¬ 
yandah would see the light¬ 
house on Euston Reef (mark¬ 
ing the southern side of the 


Grafton Passage through the 
Barrier Reef) in the early 
morning of the 19th. 

Leaving Swain Reefs, we 
were now moving into the 
lanes of north- and south¬ 
bound shipping along the 
Australian coast standing 
well clear of the mighty 
Great Barrier Reef. Several 
ships were sighted as we 
continued our homeward 
leg and, as Jack had predict¬ 
ed, we sailed past the Graf¬ 
ton light early in the morn¬ 
ing. We were awed by the 
fearsome seas that pound¬ 
ed over the reef, which 
stretched away to the south 
as far as the eye could see 
We were six hours away 
from Cairns now; soon 
Green Island was clearly 
visible on our starboard 
bow, and then came the 
outline of the coastal moun¬ 
tains and the channel lead¬ 
ing to Cairns harbor. The 
harbor master allocated us a 
berth alongside the main 
cargo quay; lines went 
ashore, and with Banyandah 
secured, we relaxed into an 
emotional scene of mutual 
congratulations. 

Several hours later we 
saw Franz and Fernando off 
to the airport; Ray VK2BKD 
was to meet them in Sydney 
and entertain them until 
their homeward flights 
Bruce and I stayed on anoth¬ 
er day unloading the equip¬ 
ment and arranging its ship¬ 
ment down to Sydney, and 
the following day we flew 
down to Brisbane, collected 
our car, and began the long 
drive back to Sydney A sack 
full of QSL cards had pre¬ 
ceded us, and now began 
the long task of checking 
logs and preparing a QSL 
card suitable to the occasion 

Between Mellish Reef 
and Willis Island we had 
made over 20,000 QSOs to 
132 countries on all conti¬ 
nents, we had enjoyed the 
comradeship of a team of 
operators under difficult and 
hazardous conditions, and 
we resolved to undertake 
another expedition together 
sometime in the future. ■ 







Photo B. The quad in assembled form. Photo C. The balun attached to the quad driven element. 
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How to Gain with PVC 

This could be history's cheapest quad. 

Try water pipe on 2m. 


T o find out why I need a 
very portable, high-gain 
2-meter antenna, first you 
must understand a bit of 
both ancient and recent Cal¬ 
ifornia history. 


About 15 million years 
ago (an extremely short 
while, geologically speak¬ 
ing), the Earth groaned and 
shuddered; huge rock plates 
cracked together, and the 


spiny hills known as the Sier¬ 
ra Nevada started to rise 20 
to 30 thousand feet into the 
air. Huge volcanoes resulted 
from this immense pressure 
and uplifting, and these 
30,000-foot peaks belched 
smoke and lava, breaking 
themselves into smaller hills 
(like Mt. Whitney, "only" 
14,000 feet high) and deep 
valleys, which in time be¬ 
came huge lakes. Lake Ta¬ 


hoe, 6000 feet high and un¬ 
known thousands of feet 
deep, is the result of one 
of these huge cindercones 
blowing its top and then col¬ 
lapsing back in upon itself, a 
classic case of a mountain 
lake surrounded by peaks 
many thousands of feet 
high. 

At about this time, Teha¬ 
ma, one of the minor vol¬ 
canoes of the range, also ex- 





Fig 1(a). PVC quad. 


ploded, creating a second¬ 
ary volcano called Mt. Las¬ 
sen. In the process, a deep 
lake surrounded by peaks, 
called Lake Almanor, was 
formed. Later, about a mil¬ 
lion or so years ago, an 
earthquake created a crack 
in the hills surrounding Al¬ 
manor. The escaping water 
created the Feather River 
and its deep canyon. 

Now for more recent his¬ 
tory. A couple of years ago, 
a local group of pilots decid¬ 
ed to hold a rather unique 
air race. Instead of merely 
the fastest being the best, 
this group decided to award 
a trophy to the airplane that 
hauled the biggest load on 
the least fuel the fastest 
They called this 400-mile 
race the "Competition for 
Aircraft Fuel Efficiency," 
since shortened to the CAFE 
400. 

All of which brings us to 
the present day. One of the 
checkpoints in the race is an 
island in Lake Almanor, and 
the race folks wanted re¬ 
ports from Almanor back to 
race headquarters in the So¬ 
noma Valley, some one hun¬ 
dred fifty miles away, pref¬ 
erably on 2 meters. In case 
you don't get the picture 
yet, let me paint it in vivid 
colors: Here I sit on an is¬ 
land in the middle of a lake, 
surrounded by hills 3 to 4 
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thousand feet high in every 
direction, with no ac power, 
no telephone, and a mission 
to communicate via 2 me¬ 
ters to another station 150 
miles away, which is further 
tucked into another valley 
blocked by another moun¬ 
tain range 4500 feet high! 

Fortunately, this deck has 
3 aces and I drew them all. 
First there is a little knoll on 
this island that will get me 
up 500 feet above the lake. 
Second, the Feather River 
Canyon, although only half 
a mile wide, is 3000 feet 
deep, 40 miles long, and 
pointed directly at Sonoma. 
Third, Sonoma has a 2-meter 
repeater on one of those 
4500-foot peaks just outside 
of town. 

And the ace up my sleeve 
(without which we would 
have lost the game) is my 
portable quad antenna. 50 
Watts and a vertical dipole 
bought us absolutely noth¬ 
ing, but with the quad anten¬ 
na described below, signals 
were Q5 both to and from 
the lake. See Photo A, 

There were some specifi¬ 
cations on this quad, 
though, that made it rather 
unique. First of all, the entire 
antenna and mast needed to 
be disassembled and packed 
into a bundle of sticks no 
longer than a meter and a 
quarter (48"), a size suitable 



11 15/4 . .. 


Fig 1(b) PVC assembly. 



for backpacking (if neces¬ 
sary) a considerable dis¬ 
tance. Second, it needed to 
be put together in 15 min¬ 
utes or less. Third, of course, 
it needed to be cheap, 
cheap, cheap. See Photo E. 

I decided to make the en¬ 
tire antenna-supporting struc¬ 
ture from 2-cm (3/4") polyvi¬ 
nylchloride (PVC) water pipe 
and fittings. Photo B shows 
the general construction 
details, and Figs. 1 and 2 
show construction details of 
the quad. In working with 
PVC fittings, I found that the 
fittings were all tapered, 
with the result that if the 
pipe was inserted firmly into 
the fitting, the assembly was 
rigid enough to stay togeth¬ 
er without the use of pins, 
glue, or keepers of any sort 
Furthermore, the joint so 
made is rotatable with a bit 
of elbow grease. This allows 
the quad to go from hori¬ 
zontal to vertical polariza¬ 
tion (and anywhere in be¬ 
tween to allow for polariza¬ 
tion-rotation bounce off the 


canyon walls) in a few sec¬ 
onds time. 

For those of you who have 
never done any aviation an¬ 
tenna work, the balun 
shown in Photo C and Fig. 2 
may appear strange. Note 
that the center conductor of 
the coax does not attach to 
anything at the antenna end, 
and that the antenna is con¬ 
nected to only the shield 
braid of the coax. The loss, 
though, is about 0.1 dB, the 
balance is near perfect, and 
the transformation ratio is 
1:1. (Note also that this 
scheme grounds both ele¬ 
ments when this balun is 
used on a dipole—affording 
cheap and automatic light¬ 
ning protection.) The balun 
fastens to the quad element 
by means of solder lugs. 
Photo D also shows that the 
balun is firmly laced to the 
PVC frame; if the balun is 
not supported, the coax 
braid will break at the solder 
lugs. 

The quad elements them¬ 
selves are AWC 18 wire. 







Photo D. A closeup of the balun attach point. Photo E. The quad disassembled into a box of fittings and a 

pack of sticks. 


There is nothing sacred time on the company anten- 

about this size; my company na range for this product, a side of the quad, so that a show the 3-dB forward 

uses rolls and rolls of the bit of field testing using a true front-back ratio is hard beamwidth to be about 30 

stuff, so I got it off the shelf, calibrated Kenwood TR-7400 to define. I can comment degrees wide. 

AWG18 gave us a 1.5:1 vswr shows the gain of this quad that a machine in Reno that Many thanks to Ron 

bandwidth of about 3 MHz. to be between 6 and 8 dB was giving me fits at Alman- N6AUB and Grover KC7IW 

If you need more band- above a reference dipole, or completely disappeared for their help in field testing, 
width, use heavier wire. The most repeatable mea- into a null that was mea- Also many thanks to the 
The proof of any antenna surement indicates a gain of sured later in excess of 30 ghost of Mt. Tehama, whose 
is its gain. While I have not 6.5 dBd. There are many nar- dB. The main beam is fairly explosion created the need 
been able to sniggle any free row, deep nulls on the back- wide; eyeball measurements for this antenna.■ 


Bring Your Listening Into focus! 

FREQUENCY LISTS 
SCANNING " 

SHORTWAVE LISTENING ..Uf-L-M 
UTILITIES DX'ING 
SATELLITE RECEPTION III 
STOCK EXCHANGE 

EXPERIMENTER'S WORKSHOP \k / 


‘10.501 year*‘20-2 years»‘30-3 y 
Canadians please add ‘9.50 per y 
ign subscriber please add ‘9.50 pt 
nface mail or ‘28.00 per year lor a 



lllldllU “ a monthly tabloid newspaper 
written for you, tnt listener. 32 fact-filled pages on how to im¬ 
prove your listening post, where to hear those intriguing frequen¬ 
cies. home brew projects to saue you SSS AND MORE! 

Here's a sample or subscriber's feelings about MONITORING TIMES: 

"I felt it necessary to praise you on your informative, unique paper. I subscribe to 
many different magaiines on shortwave communications and scanning, but your 
publication is the one that I enjoy most of all" -Bob Blackburn, Highland. Ml. 

"I've found MT contains far more useful information than other magazines" 
-Charles Dean, Andovev, 1SS 

"MT is a unique publication that offers something for every type of reader that is 
unavailable from any other hobby publication." -Nicholas Berkholtz, Minneapolis. MN 


mu NITORING TIMES 

MAKES headlines 

. rS n'Z 

e 

Aeronautical F nmenciB 

JOIN 606, CHRIS, NICHOLAS AND THE THOUSANDS 
OF OTHER ENTHUSIASTIC SU6SCRI6ERS T00AV! 

CALL NOW TOLL FREE 1-800 438-8155 (cont. US except NC) to place 
your subscription for 2 or 3 years on Mastercard or Visa. Or for a one 
year subscription mail your check to Grove Enterprises, Inc., 140 Dog 
Branch Road, Dept. D , Brasstown, NC, 28902. Office phone 
704-8379200. 

FREE SAMPLE AUAILABLE 
UPON REQUEST 


73 Magazine • May, 1984 









Francis V, Kelson K2KSY 

Box 215, General Delivery Service 

APO S an Francisco CA 96301 


Helicoids 

Few people understand how to build these versatile whips . 
This article takes care of all the ifs, ends, and butts. 


W hen first employed 
as a tech rep, I found 
myself on the move quite of¬ 
ten and had a definite need 
for a portable antenna. I fig¬ 
ured that I could kill two 
birds with one stone and rig 
up something that I could 
use in both my job and my 
hobby, amateur radio. 

Sometime in the past I ex¬ 
perimented with a ground- 
plane antenna utilizing ex¬ 
pandable and retractable 
whips which when simply 
adjusted to the correct 
lengths permitted operation 
on the frequency of choice. 
Some of you ex-bush mon¬ 
keys from Southeast Asia 
ought to remember the 
292 ground-plane antenna— 
a beast to lug around the 


boonies. Well, at the time, I 
was trying to come up with a 
smaller package. 

In any case, with that old 
idea in mind, I decided to try 
out the same principle in 
conjunction with helicoidal- 
type antennas. The main 
problem was in obtaining a 
quick disconnect to join the 
heli form to the whips. 

After much fooling around 
and wasted effort, I decided 
to use the UHF-type connec¬ 
tors with a barrel in the heli 
forms and a PL-259/U-type 
connector on the whip. This 
called for a much larger heli 
form which resulted in the 
antenna being able to han¬ 
dle 500 Watts or more for 
power with the connectors 



Harada whips joined with the UG-273/U connectors. 
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providing a good solid rf 
connection. 

All in all, it resulted in an 
antenna that was capable of 
being used on 21 MHz 
through 30 MHz with a 500- 
Watt capability. With the 
heli form being the largest 
element in the package 
(25 Vi inches), the antenna 
was what I called suitcase 
compatible. 

Basic Fundamentals 

The use of expandable 
and retractable whips as ca¬ 


pacitance hats helps prove 
the saying that every little 
bit helps. The elements also 
radiate and by virtue of their 
length provide more cap¬ 
ture area for the received 
signal. 

According to the formula 
for resonance, the frequen¬ 
cy is inversely proportional 
to the square root of either 
L or C; changing either one 
would result in a frequency 
shift If an inductance value 
could be found that was 
compatible with the capaci- 



Fig. 1. Both helicoids mounted within the PVC pipe mount. 
The two wing, nuts are used for mounting to the phenolic 
mast mount. 
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Fig. 2. The tip and end of the helicoid with the barrel and butt 
epoxied in place. 






Antenna used as a vertical with the ground side of the helicoid replaced with a radial. * 


tance value of the whips, 
then tuning over a specified 
range of frequencies would 
be possible. 

Armed with that basic re¬ 
search, a suitable induction 
value was determined by 
empirical design and found 
to be compatible with the 
formulas for induction and 
the number of turns for a 
closely-wound coil. 

With this, I now had a 
base frequency to start with. 
Simply expanding or retract¬ 
ing the whip elements should 
permit me to tune up to the 
next highest frequency; a 
grid-dip meter told me my 
base frequency was 21 MHz 
and (much to my surprise 
and delight) informed me 
that I could tune on up 
through 30 MHz. 

In any case, before you 
start construction, let's be 
realistic: This antenna is not 
going to compete with any 
beam or dipole 100 feet up 
in the air, although I have 
given some reasonable com¬ 
petition (by logging in 48 
countries with these anten¬ 
nas). There is one thing that is 
certain: You will be able to 
get a good signal out in what I 
term a hostile environment 

You will need two sets of 
whips; I purchased mine 
from Harada Industries of 
America for $3.95 each. 


They are perfect for this ap¬ 
plication in that they are sol¬ 
idly constructed, are of 
stainless material, and ex¬ 
pand out to approximately 
50’/2 inches. The model num¬ 
ber is ST-13 (3TS-1300F) and 
they are available at most 
auto supply houses. 

I needed two additional 
sets of whips for the 28- 
MHz-through-30-MHz band, 
as I didn't want to cut the 
Haradas — their full length 
was needed when using the 
antenna in the vertical con¬ 
figuration. So I used two 
sets of the conventional 
type used for FM radio (con¬ 
sisting of three sections, 
each section 7 3 /« inches 
long); these are good as they 
make good electrical con¬ 
nections when expanded 
and shortened and give you 
the frequencies needed if 
you are concerned with any 
commercial activities. In 
any case, I picked up a cou¬ 


ple of them in a shopping 
mall for two bucks. 

Assembly 

Take the two barrel con¬ 
nectors prepared as in Fig. 2 
and mount a terminal lug 
over the 6/32-inch hole; 
tighten down with a metal 
screw Do the same thing 
with the brass butts. 

Obtain the two helicoid 
forms (7/8-inch diameter x 
24 inches long); insert the 
barrel connectors into the 
form right up to the lug Us¬ 
ing 5-minute epoxy, seal the 
connectors to the form; re¬ 
peat with the butts, making 
sure that their V4 -inch hole is 
left on the outside. 

If the butts and connec¬ 
tors do not conform to the 
inner diameter of your form, 
you may have to file the 
connectors down or wedge 
them in place. Make sure 
that you have good solid 
straight connections. 


Measure down from the 
lip of the form on the barrel 
connector side 4-3/8 inches 
and scribe a mark; this will 
be the beginning of the load¬ 
ing coil winding which is 
simply an extension of the 
helicoid wire. 

Take 133 inches of #20 
enameled wire and solder 
one end to one of the butts. 
Begin your winding right on 
the edge of the form, main¬ 
taining a Vi-inch pitch wind¬ 
ing for 16 turns and then a 
3 /«-inch winding pitch until 
you reach the loading coil 
mark. 

At this point, I suggest 
taping the winding to keep it 
in place. Start winding 7 
turns close-wound as tightly 
as possible; on the last turn, 

I would again use tape to 
maintain the coils' integrity. 
Continue the windings up 
the rest of the form with 
’/ 2 -inch spacing and solder 
in place. 



PVC pipe with helicoids mounted on either side. Note hole 
used for tilted dipole. 

73 Magazine • May, 1984 41 



Matching coil mounted on the butt bolts. 
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Fig 3. Swr curve for antenna used in the dipole configuration 
and set up 15 feet above ground. Refer to the text for whip 
lengths. 


You will have to do exact¬ 
ly the same thing with the 
second heli form, taking 
care that the winding fol¬ 
lows the same axis as the 
winding of the first form (see 
Fig. 1). 

At this time, I had to pre¬ 
pare the UG-273/U connec¬ 
tors, 4 for each of the whips. 

I had to break away and 
remove the plastic that was 
around the center pin to en¬ 
sure that when I filled the 
BNC side with solder, the 
center pin would be shorted 
to the main or ground side 
of the connector's housing. 

You should at this time 
make sure that the inside of 
the BNC side of the UHF 
connector is completely 
clean, as well as the end of 
the whip which will be in¬ 
serted into it Fill the BNC 
side with hot solder and in¬ 
sert the whip end into it, 
making sure that you have a 
good straight connection. 
When it is cooled, check 
with an ohmmeter and 


make sure that the whip, the 
main housing of the connec¬ 
tor, and the center pin are 
one connection, as this will 
mate with the barrel con¬ 
nector on the helicoid form. 

When I was trying to 
match up the 50-Ohm coax 
with the heli dipole, I ex¬ 
perienced some problems. 
At first, I simply hooked the 
coax directly to the dipole; 
this would have worked, but 
I was not entirely satisfied 
with the swr. I then went to a 
7-tum coil shunted directly 
across the two bolts that 
held the helicoids to the 
mast plate. This brought me 
into an acceptable range, 
but when I put the swr meter 
directly into the antenna, 
my swr was something other 
than what it should have 
been. Back to the drawing 
board. 

I finally ended up with a 
coil with the exact same di¬ 
mensions as the helicoid; in 
fact, I used a leftover piece 
from it The form is 1 inch 
long. Approximately 1/8 


inch in from each end, I 
drilled a 3/32-inch-diameter 
hole. I then wound 4 turns of 
#20 enameled wire (same 
that is used on the heli form) 
and left 2-inch pigtails. (Be¬ 
fore I forget the windings 
are spaced 1/8 inch apart 
the two pigtails are then ter¬ 
minated with ’4-inch spade 
lugs and the whole affair is 
smeared with 5-minute 
epoxy to keep the coils in 
place and give protection 
from the elements.) This 
brought the swr at the anten¬ 
na input practically down to 
a flat response with good 
power output; also, the coil 
seems to alleviate some¬ 
what the problems of near¬ 
by objects having an effect 
on resonance. 

I used a phenolic plate for 
my mast mount. I took a 
piece 3Vi inches wide by 8 
inches long by ’4 inch in 
thickness. Two inches in 
from one end, I drilled two 
holes to match the two bolts 
that come out of the PVC 
pipe mount When the plate 
is mounted over the bolts, it 
makes an ideal place in 
which to mount the coil. 
About 3 inches down from 
that, I drilled two more 
holes for the single U-bolt 
that would hold the whole 
affair to some kind of mast. 

Last but not least was the 
PVC pipe mount to hold the 
helicoid forms. I experi¬ 
enced some problems with 
this because with the wire 
on the heli forms there was 
not sufficient room to insert 
them into the pipe. I simply 
took a rasp file and filed 
down the inner diameter on 
each side of the pipe to pro¬ 
vide a secure fit for the heli 
forms. When you drill the 
two 2-inch-spaced holes in 
the pipe, make sure that 
they are exactly parallel so 
as to properly align the butts 
of the heli. 

Take one heli form and in¬ 
sert it into the PVC pipe, 
aligning the butt hole with 
the hole in the pipe. Take 
the SO-239 mounted on the 
bracket and insert the ’4-inch 
bolt through it into the PVC 
pipe, on through the butt, 


and out the other side of the 
pipe. Tighten it down with a 
nut and mount the other heli 
form on the other side in the 
same manner. Solder a 2-inch 
piece of #20 wire to the 
center pin of the SO-239 and 
terminate the wire with a 
V»-inch spade lug. Take the 
lug and insert it beneath the 
second heli bolt and tighten 
it down. This completes the 
construction of the antenna. 

I would recommend tap¬ 
ping the holes for the butts. I 
didn't have any taps avail¬ 
able at the time and I force- 
fitted the bolts through the 
brass butts, making my own 
threads with little difficulty 

At this point you should 
have the phenolic plate 
mounted and the coil se¬ 
cured with the two wing 
nuts; connect the two Hara- 
da whips to the ends of the 
helicoid. 

Testing 

We will not refer to the 
first section of the whip for 
adjustments—only the 2nd 
and the tip "end/ 

Connect the RG-8/U mini 
coax; I used 32 feet because 
that was all I had left and I 
found it sufficient for my 
needs. 

Adjust the 2nd section for 
9 Vj inches, the tip extended. 
You can start your checking 
at a height of 5 feet or 15 
feet, whichever is practical 
for you. 

Apply just enough power 
from the transmitter to 
establish an swr ratio. It 
should be rather small. Ap¬ 
ply power and the swr 
should approximate the one 
in Fig. 3. I used 100 Watts in¬ 
to the antenna. If the swr 
isn't satisfactory, check the 
dial of the transmitter and 
test at a high and low end to 
determine the whip length. 

For instance, if your swr is 
minimum at 300 kHz and 
you want, say 50 kHz, ex¬ 
tend the whip length about 
one inch at a time and re¬ 
check. I used high-voltage 
fuse pullers 16 inches long. 
With a companion for safety 
and much reduced power, I 
simply adjusted right in for 



Barrel connector mounted on the end of the helicoid. 
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SOME OF THE 
TOPICS 

COVERED INCLUDE 
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Ham MasterTapes brings the best 
possible personalized Ham Radio 
license preparation right into your own 
living room. If you, a friend or family 
member wants the best help available to 
get past the FCC test hurdle, it’s 
available now in Beta or VHS home 
video format. 

Larry Home, N2NY brings his 33 
years of Ham Radio teaching experience 
right to your home. Each of the 26 video 
lessons has close-up details of com¬ 
ponents and systems along with superb 
graphic drawings. Each lesson has 
important points superimposed over the 
action and reviewed at the end of each 
section. This makes note-taking a snap! 
Miss something? Didn’t get it the first 
time? Just back up the tape and run it 
again or freeze-frame it for detailed 
close-up study! 

Larry’s classroom is a real ham shack. 
Lee, a 13-year-old boy, and Virginia are 
led through the learning process. The 
questions that they ask are the ones 
Larry knows you would ask if you were 
there in person. You soon feel like you’re 
part of an ideal small class. 

The topics covered will not only get 
you through the Novice test— General 
class theory is covered also. By the time 
you get your Novice license, you will be 
able to upgrade to General or 
Technician! 

Larry’s technique of involving the 
viewer with the demonstrations makes 


the most difficult topics easy to un¬ 
derstand. Understanding—not mere 
memorization—is what makes Ham 
MasterTapes so effective. When you 
study the 700 possible FCC questions, 
the answers will be obvious. 

Larry doesn’t stop with just test¬ 
passing. All the proper techniques of 
operating practices and courtesy are 
demonstrated. The instruction manual 
for that new rig won’t be a mystery! Larry 
becomes your own personal instructor 
to help you on that first set-up and 
contact! 

The Ham MasterTapes series is 
produced in one of New York City’s top 
commercial studios. Not only is the 
production crew made up of real 
professionals but many of them are also 
licensed amateurs. Everybody puts in 
obvious extra effort to make the 
production a classic. 

The 6-hour course is available on three 
2-hour Beta II or VHS-SP cartridges for 
$199.95,for individual .home or nonprofit 
Ham Club use. (High schools or colleges 
must order our Scholastic licensed 
version, $499.95 for Beta or VHS and 
$750 for 3/4" U-matic.) 

To order, call or write Larry Home, 
N2NY at Ham MasterTapes, 136 East 
31st Street, New York NY 10016. Phone 
212-685-7844 or 673-0680. MasterCard 
and Visa accepted. New York state 
residents add appropriate sales tax. 
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136 East 31st Street 
New York, New York 10016 
(212)685-7844 • 673-0680 












Fig. 4. Swr curve for one section used as a vertical. Readings 
were taken at a height of 10 feet. Refer to the text for whip 
and radial lengths. 


minimum swr. I wouldn't 
use this method unless 
highly-trained personnel who 
know how to react in the 
event of an emergency are 
present 

For the 24.5-MHz band, 
adjust the whip's 2nd sec¬ 
tion to 3 inches and the tip 
to 7VIi inches; apply the 
same technique. 

For 28 MHz on up, use the 
FM whips. On 28 MHz, the 
whip is adjusted for a total 
length of 19 Vi inches, using 
each section. 

For 29.5 MHz, adjust the 
whip for a length of 15 inches. 

Testing for the 
Vertical Mode 

If you say that you don't 
have enough room to get a 
heli dipole up in the air, how 
about a short vertical with 
one radial ("Great shades of 
Marconi!"), perhaps mount¬ 
ed on a camera tripod about 
3 or 4 feet high, in the living 


room, out in the yard, or per¬ 
haps up in the air about 40 
feet? 

Well, just remove one heli 
form from the ground side 
and make sure to replace 
the bracket with connector, 
bolt, and wing nut which 
will be used to secure the 
radial. 

Hook up the RG-59/U 
coax (I used 50 feet) and 
don't forget one Harada 
whip extended all the way. 
Connect one radial (10 feet 
long, about #14 vinyl- 
jacketed wire) to the wing 
nut and apply power at 21 
MHz. Your swr should ap¬ 
proximate the one in Fig. 4. 
Just let the radial do its 
thing, lying along the ground 
or hanging beside the mast. 
If you find that adjustment 
is necessary, adjust the 
radial about V* inch at a 
clip, but tried and proven 
events dictate that this 
shouldn't be necessary. 


On the 24.5-MHz band, 
adjust the Harada 2nd sec¬ 
tion to 6 inches, the tip to 
7Vj inches, and the radial to 
9 feet, 6-3/8 inches. 

For 28 MHz through 29.5 
MHz, adjust the tip only to 6 
inches and the radial for 7 
feet, Vi inch. 

You may want to do as I 
have done and make up 
some stubs with phone jacks 
so that removing one stub 
will permit resonance on the 
next highest frequency. This 
alleviates the problem of 
carrying around a complete 
set of radials. 

A good swr meter and a 
noise bridge are really essen¬ 
tial for testing. This com¬ 
pletes the test for the ver¬ 
tical mode. 

Conclusion 

You shouldn't experience 
any difficulty in, obtaining 
resonance with this antenna. 

I primarily set up all param¬ 
eters in the low ends of the 
bands so that there is ample 
adjustment left to permit 
operation in your favorite 
portion of the band. 

The swr is sufficiently low 
so that if I feel like working 
some SSB, I leave my little 
Kenwood AT 130 antenna 
tuner in the line and just 
touch up a little bit, leaving 
a complete flat response. 

It is a fun antenna to work 
with, especially when there 
are 10-meter band openings. 

I also found it useful for in¬ 
structional purposes. Being 
compact, it lends itself to a 
classroom nicely; a student 
can have hands-on applica¬ 
tion in adjusting for reso¬ 
nance, observing swr power 
relationships, and even trim¬ 
ming the radials. 

Most of the parts used in 
the construction may be sub¬ 
stituted for, such as the ma¬ 
terial for the heli form, the 
PVC pipe mount and the 
coax connectors. You even 
may want to operate in just 
one favorite portion of your 
ideal band. If so, you may 
replace the whips with 
something more permanent, 
such as a piece of brass 
welding rod or a section of 


mobile whip antenna. You 
then will just have to find 
the correct resonant length 
for that band. 

I have heard a lot of pros 
and cons with regard to 
short antennas, ground 
losses, crunching effect, etc. 
But I for one have had a lot 
of fun pursuing my hobby 
where otherwise I may not 
have been able to do so. 

I would like to make one 
last comment on the design; 
The loading coil that I se¬ 
lected is at best a compro¬ 
mise. I could have selected 
a coil for each band and 
made the swr as tight as a 
drum, but this would have 
entailed changing coils for 
each band; accomplishing 
this in the evening, perhaps 
in the dark, would present 
problems (dropping a nut, 
coil, etc.). Changing a whip 
presented no problem as to 
selecting the proper length, 
especially if the elements 
are grooved so one can 
touch-sense the correct 
length for the desired band 
In any event, at this time the 
swr is sufficient for typical 
operation. 

Anyway, some of you an¬ 
tenna buffs should be get¬ 
ting some ideas about a 
compact beam, maybe a re¬ 
flector 5% longer with extra 
optimized spacing. Who 
knows, it may work. 

For you apartment dwell¬ 
ers, you may want to hang 
the vertical out over the 
balustrade and put a flag on 
the end of it 

The most classical ap¬ 
proach I have ever seen was 
undertaken by a friend of 
mine. He took one of my 
verticals and had it mount¬ 
ed inside a 2-inch-diameter- 
by-30-foot piece of PVC 
pipe; he then mounted a 
coax connector at the base 
and just let the radial hang 
within the pipe. To top 
things off (as the old saying 
goes), he then constructed a 
model TV antenna, spray- 
painted it with silver paint 
and mounted it on top of the 
pipe to justify the pipe's 
presence. With that, I'll have 
to say good luck and 73. ■ 



Brass butt mounted in the helicoid form. Note the threaded 
hole for rf connector with a 'A-inch bolt. 
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2205 Henderson Avenue 
Silver Spring MD 20902 


The Big-Car Break-Down Beam 

Try two-meter luxury the easy way. 


I nvolvement with the lo¬ 
cal RACES/ARES organi¬ 
zation (the Radio Amateur 
Civil Emergency Service/Am¬ 
ateur Radio Emergency Ser¬ 
vice) prompted a search for 
a quick-setup beam antenna 
to enhance two-meter com¬ 
munications when operating 
from a vehicle at a fixed lo¬ 
cation. This article describes 
the beam, mast and guying 
that I came up with. The as¬ 
sembly is called "The Four- 
Minute Beam" because it 
can be set up by one person 
in less than four minutes. 
For two people working 
together, it's a piece of cake. 

The beam selected was a 
Cushcraft A147-4, a four-ele¬ 
ment yagi with a boom 
length of 44" and a weight 


of only two pounds. The de¬ 
sign of this model is ideally 
suited for the application. It 
was necessary only to re¬ 
place the hex nuts with wing 
nuts to make it a knock¬ 
down, quick-assembly beam 
and add a stack of spacing 
washers to allow the mount¬ 
ing U-bolt to be pulled up 
snugly around the small di¬ 
ameter mast. The disassem¬ 
bled beam is stowed in the 
original shipping carton 
modified to become a stor¬ 
age box. 

The twelve-foot mast is 
made up of four pieces of 
telescoping 058"-wall alu¬ 
minum tubing. The largest is 
1-1/8" in diameter, and the 
longest piece is cut to a 
length of 56V4", The four 


Photos by Jim King WB3JZ1 



Photo A. Beam being assembled with wing nuts. No tools 
required. 
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pieces telescoped are then 
stowed in the storage box. 

Construction of the mast 
consisted merely of cutting 
the pieces to length and 
making a longitudinal hack¬ 
saw cut in the ends of three 
of them. See Table 1. 

A small hole (about 1/16") 
is drilled 14" from the bot¬ 
tom end of the 3/4" piece to 
provide an indication of the 
proper extension of the top 


section when the mast is 
erected. A stripe of paint or 
nail polish is easier to recog¬ 
nize, but the hole remains as 
a reference if the stripe is 
scraped off as the sections 
are telescoped. 

The stainless-steel hose 
clamps around the slots in 
the three outside pieces are 
used to clamp the sections 
of the mast together when 
extended and also to keep 
them from sliding apart 



Photo B. Telescoped mast secured to car. Photo shows hose 
clamps and guy-line details. Mast is ready for installation of 
beam. 





Photo C Beam and transmission line installed; mast being 
extended. 


while being handled. The 
1-1/8" piece acts as a stiffen¬ 
er for the bottom section 
and also allows the beam to 
be rotated and clamped in 
the desired direction. 

In operation, the mast is 
secured to the side of the 
automobile with stretch 
cords (bungees) with the bot¬ 
tom section resting on the 
ground One cord is hooked 
under the frame, and a sec¬ 
ond one is hooked to the 
roof gutter Two parachute- 
cord guys are snapped into a 
hardware ring which is 
slipped over the top hose 
clamp. The loose ring allows 
the mast to be rotated with¬ 
in the bottom outside sec¬ 
tion of tubing to aim the 
beam The guys are secured 
to the opposite side of the 
automobile by stretch cords 
hooked into loops in the 
guys at one end and under 
the fenders at the other. 

The storage box was 
made by removing all the 
staples on the side and end 
flaps of the antenna ship¬ 
ping carton The corners 
were reinforced with pieces 


of cardboard and the ends 
were closed with duct tape. 
The carton is thus converted 
to a long box with a hinged 
top cover. The box can be 
kept closed with a large rub¬ 
ber band around each end. 

Setup Procedure 

The following procedure 
has been worked out for 
mounting the beam and 
erecting the mast on a 1977 
Oldsmobile Delta 88. 

Prior to field operation, 
the mast should be erected 
without the beam to adjust 
the length of the guys. (See 
"Field Operation," below.) 
With the mast extended so 
that there is a 10" overlap of 
the first and second sections 
(the first section consists of 
the 1-1/8" and 1" pieces tele¬ 
scoped) and the top section 
is extended to just uncover 
the market hole (mast height 
12 ft), fasten each guy to a 
35" stretch cord and hook 
one cord on each fender on 
the side of the auto opposite 


Photo D. Mast fully extended. Beam being used with HT. 


wheel to let the guy clear 
the rear door. Adjust the 
length of the guys to provide 
snug guying but not so as to 
bend the mast. For future 
rapid setup in the field, tie 
an overhand knot in a bight 
in the cords to provide a 
fixed loop to take the hooks 
on the stretch cords. Tie a 
recognizable knot or other¬ 
wise mark one cord to distin¬ 
guish which cord goes to 
which fender. 

Field Operation 

1) Remove the telescoped 
mast, the stretch cords, and 
guy lines from the storage 
box. Hold the telescoped 
mast vertically against the 
side of the auto in the space 
between the doors (a stiff 


section of the frame as op¬ 
posed to the more flexible 
door panels). A cloth pad be¬ 
tween the mast and the side 
of the car will protect the 
finish. Near the bottom, take 
one turn with the short 
stretch cord around the 
mast and hook it onto the 
underside of the frame. 
Take one turn around the 
top of the first section of the 
mast with one of the long 
stretch cords and hook it on¬ 
to the roof gutter The mast 
will now be held firmly 
against the side of the car. 
The cords are just the right 
length for the Delta 88, but 
different lengths may be re¬ 
quired for other models 
2) Loosen the top two 
hose clamps. Slide the hard- 











is storage box made from the beam antenna shipping carton. 


ware ring over the top sec¬ 
tion of the mast Fasten both 
hooks onto the ring and 
throw the two guy lines over 
the roof of the car. Raise the 
top mast section about a 
foot and secure it by tighten¬ 
ing the hose clamp. 

3) Remove the antenna 
boom and elements from 
the storage box and assem¬ 
ble them. Mount the anten¬ 
na on the top section of the 
mast and snug the U-bolt by 
tightening the wing nuts. 
Connect the coax transmis¬ 
sion line to the antenna. 

4) Raise the top section of 
the mast to just uncover the 
marking hole and fasten it 
securely by tightening the 
hose clamp. 

5) Extend the middle sec¬ 
tion so the total height is 
about ten feet. Hold the 
middle section up firmly 
with one hand and fully 
tighten the hose clamp. 
Stand so as to not be under 
the antenna. Hook the two 
remaining stretch cords to 
the guys and hook the cords 
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under the fenders. While 
holding the middle section 
with one hand, carefully ex¬ 
tend it until the two guys are 
pulled up taut but not so as 
to bend the mast. Tighten 
the hose clamp fully. 

6) Loosen the hose clamp 
at the bottom—the one 
around the 1-1/8' bottom 
tube. Aim the antenna in the 
desired direction by rotating 
the mast within the 1-1/8" 
section. Tighten the hose 
clamp. 

7) Pass the coax feedline 
from the antenna into the 
car and plug it into the two- 
meter rig. 

You're in business. 

CAUTION: Do not erect 
the mast in any location 
where it could possibly con¬ 
tact electric wires. Use care 
when handling the mast 
with the beam installed. If 
the sections inadvertently 
telescope, the antenna ele¬ 
ments can become lethal 
spears. 

To take the antenna in¬ 
stallation down, hold the 


Parts List 

1 Cushcraft A147-4,4-element, 2-meter antenna 

4 8-32 wing nuts 

2 1/4” wing nuts 

10 flat washers for 1/4” U-bolt (about 5/16” spacer on 

each leg of U-bolt) 

4 6 ft. lengths, .058”-wall, 6061-T6 aluminum tubing (see 

Table 1) 

3 stainless-steel hose clamps 

1 1-1/2” hardware ring 

2 small snap hooks, size to fit hardware ring 

2 nylon parachute cords or other small lines about 12 
ft long (cord smaller than about 3/16” is not conve¬ 
nient to handle during mast erection) 

3 stretch cords with hooks, overall length 35” to ends 
of hooks* 

1 stretch cord with hooks, overall length 28” to ends of 
hooks* 

1 wood base, approximately 3" x 6" x 5/8” thick (for 

mast base on unpaved surface) 

Tool spin-tite or end-wrench to fit hose clamps 

Total weight in storage box—7% lb. 

•These are standard sizes at the local hardware store. 


mast section being lowered 
firmly in one hand, loosen 
the hose clamp on that sec¬ 
tion, and then ease it down 
with both hands. Do not let 
the elements hit into the car 
roof—very hard on the 
finish. 

The installation described 
is stable and adequate for 
limited periods in moderate 
weather. The erected mast 
could be strengthened for a 
longer stay in windy weather 
by adding a third guy oppo¬ 
site the other two, tied to a 
cinder block. 

One disadvantage of this 
setup is that when in place, 
neither door on one side of 
the car can be opened. This 
makes it awkward for two 
people in the front seat. It 
will probably be most con¬ 
venient to mount the mast 
on the driver's side and use 
the opposite side as the op¬ 
erating position. It is also 
not convenient to rotate the 
mast from inside the car. 
However, the four-element 
beam has a broad lobe, so it 
need not be pointed pre¬ 
cisely. 

Performance 

With nothing resembling 
an antenna range or con¬ 
trolled field-strength mea¬ 
surements, an attempt has 
been made to compare the 


performance of the beam 
with that of a 5/8-wave- 
length mag-mount roof an¬ 
tenna. The equipment used 
consisted of an Azden PCS- 
3000 FM transceiver and a 
coax antenna switch to al¬ 
low rapid antenna transfer. 
The PCS-3000 has an LED 
S-meter. In order to obtain 
comparative measurements, 
the incremental signal 
strength in dB was predeter¬ 
mined for each of the LEDs. 

The signal from several 
repeaters indicated a beam 
gain of from 10 to 12 dB 
over the rooftop antenna. 
One distant repeater that 
could not be heard on the 
rooftop antenna was acti¬ 
vated with the beam. A sim¬ 
plex test with a station 17 
miles distant indicated ap¬ 
proximately a 10-dB advan¬ 
tage for the beam on both 
transmit and receive. With 
five Watts of output the sig¬ 
nal at the distant station was 
reported weak and noisy. 
With the beam, the report 
was "solid, noise-free copy." 

The mast and beam ar¬ 
rangement has proven to be 
a convenient means of 
quickly making a significant 
improvement in communi¬ 
cations performance from 
an automobile in a fixed 
location! 














Simple Parabolic Theory 

With a little bit of math—presented here— you can understand 
design , build,[ and enjoy these effective antennas. Hopefully. 


Luis E. Suarez OA4KOfYV5 


Caracas 1067-A 
Venezuela 

I n the near future, radio 
amateurs will be explor¬ 
ing new horizons that will 
dramatically enlarge the 
panorama of our radio ac¬ 
tivities. High-altitude sat¬ 
ellites and frequencies above 
1 GHz will be used along 
with very sophisticated 
transmitting modes. In con¬ 
trast, most radio amateurs 
are reluctant to undertake 
any project at frequencies 
above VHF, mostly because 
of lack of easy-to-read litera¬ 
ture. This article is intended 
to clarify some concepts on 
parabolic antennas, to help 
in filling the gap in this area. 
The subject is centered 



on the theory of parabolas 
and their behavior. The de¬ 
sign of reflectors is dis¬ 
cussed with a minimum of 
mathematical implication. 

What Is a Parabola? 

The parabola (paraboloid 
of revolution) is a curve that 
theoretically is generated by 
a point which moves in such 
a way that its distance from 
a fixed point, called the 
focus, always equals its 
distance from a fixed line, 
called the directrix. In Fig. 1, 
D-D* is the imaginary line 
called the directrix C-C' is 
the axis of the parabola; it is 
perpendicular to the direc¬ 
trix. The moving point is P. 
If E-P = P-F for any posi¬ 
tion of P, then P is moving 
along a parabolic curve. P is 



midway between directrix 
D-D' and focus point F 
If the parabola is rotated 
around its axis, a surface 
called the surface of revolu¬ 
tion is produced. The same 
properties of the paraboloid 
of revolution apply for all 
the surface of revolution, 
because of symmetry. 

Energy Reflection 

It is important to know 
how reflection is produced 
in a plane in order to under¬ 
stand how the parabolic an¬ 
tenna works. In the next 
paragraph, I'll explain how 
the reflection of a light 
beam is produced. The same 
criterion should be em¬ 
ployed when the energy 
source is a radio antenna. 



In Fig. 2, you see a light 
beam that is aimed against a 
polished surface (like a mir¬ 
ror) from point O to point B 
The beam will reach point B 
with an incidence angle a. A 
reflection B-A will be pro¬ 
duced and reflection angle 
0 will be equal to incidence 
angle oc. 

Similarly, in a parabola 
(see Fig. 1), if a tangent to 
the curve is drawn at any 
point PI, then the angle a 
equals angle /3. Thus, if a 
source of energy is placed at 
focus point F, its beam is re¬ 
flected by the parabola sur¬ 
face at point PI in the direc¬ 
tion 1*1 -L. Since P1-L is per¬ 
pendicular to D-D', it is also 
parallel to axis C-C'. The 
same is valid for all points in 
the parabola. Thus, a sharp 
directional beam may be 



Fig. 1. 
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Fig. 2. 


Fig. 3. 


Fig. 4. 





Fig. 5. 


obtained from a small non- 
directional source. But be¬ 
sides the reflected beam, 
there is also present a di¬ 
verging beam radiated di¬ 
rectly from the source. See 
Fig. 3. Hence, the resultant 
wave has considerable scat¬ 
tering unless the source is 
made directional. 

You should be aware 
that the theoretical source 
point has no physical di¬ 
mensions but is spherical 
in essence. And that a di¬ 
pole is generally used in 
practical parabolics and 
obviously not all parts of 
the dipole are at focus al¬ 
though most radiation is 
produced at its center. 
Thus, defocusing is mini¬ 
mized. The higher the fre¬ 
quency, the smaller the 
feeding and the better the 
focusing. 

Second Reflector 

To eliminate the formed 
divergency beam, a second 
reflector is used. See Fig. 4. 
It is a spherical shield, S, 
mounted surrounding the 
dipole. It is not parabolic; 
it is spherical. The shield 
reflects radiation F-A back 
to point B. From B, it is fi¬ 
nally reflected in the di¬ 
rection B-C. The energy 
that does not reach the 
shield will follow the nor¬ 
mal path F-D-E as shown in 
the figure. 

The shield should be 
large enough to surround 
the dipole and small 
enough to not obstruct the 
normal energy path. The 
shield should have a radius 
of a value X/2 or a multiple 
of this value. The energy 
leaving the dipole in the ax¬ 
ial direction will be can¬ 
celed, but this has no im¬ 
portance since most of the 
energy will make apprecia¬ 
ble angle with the axis. 

The shield or second re¬ 
flector actually produces 
reinforcement because the 
beam is reflected at A with 
a 180-degree phase rever¬ 
sal. The total path from F 
to A and F' corresponds to 


a phase reversal of 360 de¬ 
grees. This, plus the 180 
degrees from reflection, 
makes the beam returning 
along A-B 180 degrees out 
of phase, thus producing 
gain. 

Instead of the second re¬ 
flector, a three- or four-ele¬ 
ment beam could be used 
with the beam front aimed 
against the parabola. It is a 
practical approach for 23 
cm and 70 cm but not feasi¬ 
ble for microwaves, since 
horns are much more suit¬ 
able at millimetric waves. 

Size of Parabolics 

The parabolic reflector is 
specified by its diameter 
and the focal distance. In 
Fig. 5, three types of parabo¬ 
las with the same diameter 
and different focal dis¬ 
tances are shown. Parabola 
2 has the property that f = 
D/4 and parabola 3 uses a di¬ 
rectional feed that confines 
the beam within the angle 
A-O-B. In this case the shield 
is certainly not necessary, 
since very little energy is 
radiated back from a high- 
gain antenna. Of course, the 
antenna is placed so that the 
beam is aimed against the 
parabola. In the case of pa¬ 
rabola 1, the feeding should 
not be a directional antenna 
since the beam would not il¬ 
luminate the whole reflec¬ 
tor, with the consequence of 
loss of gain. In the case of 
parabola 3, if a dipole is 
used, scattering of signal is 
expected beyond the reflec¬ 
tor edge. It is noteworthy 
that the feed antenna's gain 
is consequence of the direc¬ 
tivity and has no meaning in 
the overall gain of the par¬ 
abolic. 

It should be noted that 
for a dipole (Fig. 4), radia¬ 


tion-lobe angle in the plane 
of the paper is greater than 
in the plane perpendicular 
to it. This means that the 
radiation pattern is not 
conical. If the dipole is ver¬ 
tically mounted, then the 
vertical angle will be wider 
than the horizontal angle. 
It is expected to be 1.25 
times greater. 

It is of paramount impor¬ 
tance that the beamwidth 
of the feed be matched 
with the aperture angle of 
the parabola as seen from 
the feed. To determine the 
distance (f) from the focus 
point to the parabola ver¬ 
tex (P in Fig. 1), use the for¬ 
mula: f = D 2 /16d, where 
D = parabola diameter and 
d = parabola depth (F-P in 
Fig. 1). For parabola 2 in 
Fig. 5, the distance f = pa¬ 
rabola depth d. But for 
parabola 3, the distance f is 
greater than the parabola 
depth. 

Cassegrain Parabolic 

The feeding of parabolics 
is often a cause of diver¬ 
gence or energy scattering 
that produces undesirable 
side lobes. The feed struc¬ 
ture blocks portions of the 
parabola and the energy 
reflected back to the ener¬ 
gy source creates standing 
waves. The above problem, 
of course, is worse in mi¬ 



crowave parabolics that 
use bulky feedhorns. This is 
the case when maser or 
parametric amplifiers are 
placed very close to the 
feed. To avoid this prob¬ 
lem, a technique known as 
Cassegrain is used. Casse¬ 
grain parabolics are fed 
from behind the parabola. 
See Fig. 6. 

The main disadvantage of 
this type of feeding is the 
aperture blocking intro¬ 
duced by the hyperbolic 
subreflector used to reflect 
the energy back against the 
parabola. To overcome this 
problem, the feed is ex¬ 
tended and the subreflector 
is reduced in size. 

Parabolic Gain 

The gain of a parabolic 
depends on its size. Any par¬ 
abolic antenna may be used 
at any frequency as long as 
the feed system (dipole or 
whatever) is resonant at the 
chosen operating frequen¬ 
cy. The gain is greater when 
the frequency becomes 
higher or the parabolic 
diameter becomes larger. 
The most important consid¬ 
eration is that the feed 
should entirely illuminate 
the surface of the parabola. 
The efficiency of the para- 



Fig. 7. 


73 Magazine • May, 1984 53 




Dish Diameter In Meters 


Band 1 3 6 10 20 45 

6 - 1.3 7 12 18 25 

2 1.3 10 17 21 27 34 

1.25 5.4 15 21 25 31 38 

0.7 10 20 26 30 36 40 

0.23 20 30 36 40 46 53 

Table 1. 


bolic may be considered as 
55%. Thus: gain over isotro¬ 
pic = -55(t x diameter/wave¬ 
length) 2 The parabolic beam- 
width is calculated as fol¬ 
lows: beamwidth = 137,5/ 
(D/wavelength), where D = 
parabola diameter. 

Designing a Parabolic 
Antenna for 23 Cm 

Now, let's design a para¬ 
bolic antenna for 23 cm us¬ 
ing a parabolic reflector of 
1 meter in diameter. This 
antenna could be used to 
work AMSAT Phase III 
mode L. The gain will be: 
.55(3.1416(1/.23)] 2 = 102; dB 
gain = 10 log (gain) = 20 
dBi. 

If a second reflector is 


used, then the power gain 
is quadrupled: 4 X 102 = 
408 The dB gain will be in¬ 
creased by 6 dB: dBi gain 
= 10 log (408) = 26 dBi. 
— 1 to — 3 dB should be ex¬ 
pected in actual construc¬ 
tion. 

Reflector Design 

The parabolic beamwidth 
is calculated as follows: 
beamwidth = 137.5/(D/wave- 
length) = 31 degrees, where 
D = parabola diameter. 

From the preceding dis¬ 
cussion, it is known that the 
focal length should equal 
D/4 or 0.25 meters. Then the 
shape of the parabola is 
plotted on graph paper from 
the following equation: 
h = r 2 /4f = r 2 /D, where h and 
r are the axial and perpen¬ 
dicular distances in meters 
to any point P on the parab¬ 
ola, See Fig, 7. For our par¬ 
abolic, D = 1 meter. 

The curve is then plotted 
by calculating various val¬ 
ues of r as shown in Fig. 7. 
This way a template is con¬ 


structed to which the parab¬ 
ola may be fabricated. 

Mechanical 

Considerations 

Any irregularity in the re¬ 
flector tends to defocus the 
beam, increasing the side 
lobes and reducing both the 
gain and the beamwidth. 
The more the surface error, 
the more the ill effect. A sur¬ 
face error of up to 1/16 
wavelength is tolerable. 1/16 
wavelength at 70 cm is 4.38 
cm and at 23 cm is 1.44 cm. 
So, at 70 or 23 cm it is very 
easy to achieve such toler¬ 
ance. However, this toler¬ 
ance is proportional to the 
reflector diameter A IO¬ 
meter reflector would be ex¬ 
pected to have surface de¬ 
fects 10 times greater than 
for a 1-meter reflector. Thus, 
the smaller the reflector, the 
more careful its construc¬ 
tion should be. 

Finally, it is worth men¬ 
tioning that the lowest prac¬ 
tical frequency limit for this 
kind of antenna is around 


100 MHz. Below this fre¬ 
quency, the feed system and 
the gain-to-diameter ratio 
are far from desirable. 

Table 1 shows the gains 
(dBi) achieved with several 
dish diameters for the ama¬ 
teur bands from 6m to 23 
cm. In the table you will see 
that 20 Watts into a parabo¬ 
la of 1 meter (3 ft) will allow 
you to reach Phase III mode 
L with the limit of 2 kW erp. 
not considering feedline 
losses. The 6-meter band is 
shown just for comparison 
purposes. ■ 
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MIZUHO SX-3 Low-Noise Pre-amplifier. 
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rejects out-of-band signals. 
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Control Your Mobile Power 

Can commuting be a daily QSO party? 

Yes, with this no-payment installment plan. 


Bradley C. Mauger KB5QZ 
48 F Ridge Road 
Greenbelt MD 20770 


M obile operation is 
one of the most effi¬ 
cient uses of time possible. 
It allows me and, I am sure, 
many other amateurs to 
squeeze some operating in¬ 
to an otherwise too busy 
day. Almost all solid-state 
transceivers for any ama¬ 
teur band have been de¬ 
signed with operating mo¬ 
bile in mind and can be 
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powered directly from an 
automobile's 13.8-volt power 
system. 

Improper care in con¬ 
necting amateur equip¬ 
ment to this power can 
cause problems, however, 
and, in some cases, even 
damage equipment. No 
one would knowingly try to 
operate a 13.8-volt radio 
from an eight-volt supply 
or from a supply that had 
24-volt spikes on it. But 
low-voltage conditions can 
easily occur by having re¬ 
sistance in the circuit used 
to deliver power to the ra¬ 


dio. Many high-power 
transceivers draw in excess 
of fifteen Amps while trans¬ 
mitting. Under these condi¬ 
tions, a few tenths of an 
Ohm can easily drop the 
supply voltage a few volts. A 
good, direct path from the 
battery to the radio should 
be made to ensure a steady 
supply voltage. This connec¬ 
tion should also be fused for 
safety. 

When we start our cars, 
nasty things happen to the 
power system. For one thing, 
it gets loaded down by the 
starter's high current de¬ 
mand. The starter, while 
grinding away to start the 
engine, can induce huge 
pulses onto the car's power 
system. These high-voltage 
pulses can kill solid-state de¬ 
vices. 

The Solution 

Automobile manufactur¬ 
ers protect their radios and 
accessories from these start¬ 
ing transients by having a re¬ 
lay or switch connected to 
the ignition switch that dis¬ 
connects power from these 
accessories while the engine 
is being started. This is why 
the radio turns off when the 
car is being started. 

The circuit in Fig. 1 is a 
power-control system I use 
in my mobile operation. It 
uses the accessory voltage, 
which is disconnected au¬ 
tomatically during starting. 


to operate a relay. Only 
when accessory voltage is 
present will power be sup¬ 
plied to the amateur gear. 
The capacitor helps filter 
out any residual noise and 
alternator whine. 

Other than the accesso¬ 
ry voltage wire to the relay 
coil, all wiring should be 
#14 or #12 stranded wire. 
Suitable wire can be found 
in the automotive depart¬ 
ment of most department 
stores. 

Finding a place to put 
the circuit can be a diffi¬ 
culty, especially in today's 
smaller cars. I built mine 
into a soft-plastic sandwich 
box and bolted it onto the 
fender inside the engine 
compartment. Wires enter 
the box through tight-fit¬ 
ting holes. I mounted the 
fuse holder through a hole in 
the side where it would 
be handy and mounted the 
relay and capacitor to the 
box with double-sided 
tape. Fig. 2 shows the lay¬ 
out of my box, although 
most any layout would 
work. 

Finding the Voltages 

The 13.8 volts coming 
from the battery should be 
obtained as close to the 
battery as possible. Most 
cars have two leads on the 
positive terminal, a fat one 
that goes only to the starter 
and a thinner one, about a 
quarter inch in diameter, 



The assembled power controller mounted on the wheel- 
well in the engine compartment of my car. The relay is 
held to the plastic sandwich box with double-sided tape, the 
capacitor is held with a cable tie, and the box is held in place 
with a single sheet-metal screw which also is the ground 
point for the relay and capacitor. 





The power controller, sealed in the plastic box, takes little 
room in the engine compartment and keeps the electron¬ 
ics safe, clean, and dry. 


that goes to everything 
else. This thinner one gen¬ 
erally goes to a terminal 
block or a relay. Solder a 
large terminal lug to the in¬ 
put lead of the power con¬ 
troller and fasten this lug 
to the same post or connec¬ 
tion that the thin battery 
wire is connected to. Some 
amateurs connect leads di¬ 
rectly to the battery, but 
because of the corrosive 
conditions close to the bat¬ 
tery, these connections can 
corrode and lose their 
good connection. 

Finding the proper ac¬ 
cessory voltage to operate 
the relay varies in difficul¬ 
ty from car to car. In my 
car, the positive wire from 
the radio was readily avail¬ 
able under the dash, so I 
tapped into the line with 
a "squeeze” tap connector 
(Radio Shack 64-3052). If 
your car does not have a ra¬ 
dio or if the radio's power 
lead is not available under 
the dash, the power leads 
of any accessory which au¬ 
tomatically turns off dur¬ 
ing starting will be suitable 
(e.g., windshield wipers or 
heater fan). Otherwise, 
check around the fuse box 
for such a voltage. Even if 
your car has no radio, it 
usually has a fuse dedi¬ 
cated to accessories, and it 
might even be marked so. 
Whatever you find, be sure 
to check the voltage to 
make sure that it goes 
away when the starter is en¬ 
gaged. 

Most cars have plastic or 
rubber plugs in the fire¬ 
wall. In order to pass wires 
from the engine compart¬ 
ment to the passenger 
compartment, I drill holes 
in these plugs. Try to make 
the holes no larger than 
necessary so that fumes 
from the engine compart¬ 
ment don't get into the pas¬ 
senger compartment. 

Grounding 

Even if you have a good, 
solid connection to the 
positive terminal of the 
battery, losses can be expe¬ 
rienced in the ground or 


negative side of the circuit. 
In a car, the negative leg of 
the circuit is usually the 
car, its frame, and the 
body. This is not always 
sufficient, especially in 
newer cars. 

In order to insulate the cars 
against sound and to elimi¬ 
nate squeaks and rattles, 
manufacturers put sound- 
deadening insulation be¬ 
tween metal parts. This ma¬ 
terial is usually also an 
electrical insulator. Any 

TO _FUSE_ 


current flowing between 
body parts must then trav¬ 
el though the bolts and 
screws holding the parts to¬ 
gether. These often rust 
and lose their good con¬ 
nections. 

I found this out acciden¬ 
tally by an experience I 
had with my car. I was hav¬ 
ing problems keeping a 
battery charged and had 
already replaced the bat¬ 
tery and solid-state voltage 
regulator—which was fas¬ 


tened to the fender in the 
engine compartment. My 
alternator checked out 
OK. 

One day, after complain¬ 
ing to a mechanic friend, 
he took his voltmeter out 
of his toolbox and put the 
leads between the cases of 
the alternator and voltage 
regulator. The meter 
showed that, while the en¬ 
gine was running, there was 
over a volt difference be¬ 
tween these two grounds. 
The ground connection of 
the voltage regulator had 
so much resistance that it 
was keeping my battery 
from being fully charged. 

Placing a jumper wire 
between the alternator and 
the regulator fixed my low- 
battery problem. The mor¬ 
al of the story is: Don't 
trust grounds! Run a good 
stout ground line from the 
point the battery's nega¬ 
tive terminal connects to 
the car (usually the engine 
block) into the passenger 
compartment, and ground 
all your equipment. 
Temporary Installations 

Sometimes it is not pos¬ 
sible to make a permanent 
installation, as in a bor¬ 
rowed or rented car, for ex¬ 
ample, or in the spouse's 
car if your spouse doesn't 
share your enthusiasm for 
amateur radio. (My XYL, 
Mary, has little apprecia¬ 
tion for a car full of radios, 
wires, and connectors. Af¬ 
ter years of explaining and 
demonstrating the plea¬ 
sures of operating and con¬ 
struction, she still calls it 
CB just to irritate me.) 
However, generally cars 
have a cigarette lighter, 
and a cigarette-lighter 
adapter is available cheap¬ 
ly that can supply power in 
a pinch (Radio Shack 
270-1534, for example). For 
VHF and above, magnetic- 
mount antennas provide a 
good means of temporarily 
connecting an antenna. 

I have found that it is not 
a good practice to leave ra¬ 
dios sliding around loose 
on the seat or floor while 
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Fig. 1. Schematic of the power-control-box. The capacitor 
value is not critical, but should not be increased since it 
would increase the current surge through the relay. 



Fig. 2. The power control box as built into a soft-plastic 
sandwich box. The fuse holder is Radio Shack 270-367, the 
capacitor is 272-1019, and the relay is 275-218 with the 
common and normally-open contacts tied in parallel for 
increased current. The normally-closed contacts are not 
used. 




Fig. 3. An example of a radio mounted to the transmission 
hump with an elastic hold-down. The radio could be 
mounted on the side of the hump for better viewing. The 
insert shows the construction of one end of the hold¬ 
down. 


driving. The device shown 
in Fig. 3 (which my wife re¬ 
fers to as my “bra-strap") 
can hold a rig firmly to the 
floor or to the transmission 
hump. I also use them to 
hold amplifiers and other 


accessories to the trans¬ 
mission hump of my car. It 
consists of the hook por¬ 
tion of a one-inch-wide 
piece of Velcro fastener 
sewn to both ends of an 
eighteen-inch length of 


inch-wide elastic. The 
hooks grab firmly into the 
carpet but can be peeled 
back off in less than a sec¬ 
ond. Black elastic and Vel¬ 
cro give a nice, profession¬ 
al look, but any color 
works. 

Mounting Radios 

A big problem with any 
mobile installation is that 
radios should be easy to 
disconnect and remove 
from vehicles. A locked 
door will discourage on¬ 
ly a casual thief. I use 
a two-part mount that is 
sold for mounting car ste¬ 
reos. These are available 
at discount houses often 
for less than five dollars 
apiece. I bought six identi¬ 
cal mounts so that I could 
mount all my rigs (and have 
a few spares, of course). I 
have two mounts in my car 
and have the remainder 
bolted to a short bookshelf 
in my shack. On the radio 
half of the mounts, I have 


mounted a ten-meter FM 
rig, a two-meter rig, a CB, 
and a cassette deck. Now 
all my radios fit inter¬ 
changeably, and it takes 
only seconds to install or 
remove gear. 

All my antennas have 
BNC connectors on them 
and all rigs have adapters 
to BNC connectors. This 
helps save time and keeps 
everything standardized. 

The mounts I use have 
six sliding contacts, I cur¬ 
rently use only two, one for 
power and one for ground, 
but I plan to use the others 
for external speakers and a 
remote mike. 

Mobile operation can be 
a lot of fun, especially if 
time is spent on a good in¬ 
stallation. This includes 
having good power and 
ground connections. In any 
case, try not to leave radios 
turned on while starting, 
and never transmit while 
starting. Hope to meet you 
soon on the air, mobile ■ 



RTTY/CW COMPUTER INTERFACE 



from 


DC Ml EL EC TRONICS , INC . 


Model DGM-1 


Mark and Space active filter demodulator 
with bandpass and post detection filtering. 
Not a phased locked loop demodulator. 
Copies 170, 425 and 850 Hz RTTY shifts and 
800 Hz CW tone. 

Built-in stable, sinewave AFSK modulator 
and FSK output. 

Bargraph and LED tuning indicators. 

Scope tuning outputs. 

Positive and negative CW keyed outputs. 


• TTL level and RS232 level computer I/O is 
compatible with commercially available 
software. Uses standard I/O connector 
(included). 

• Easily connects to your computer. 

• Manual or Auto F'TT control. 

• Powered by 120 VAC wall transformer 
(included). 

• Attractive aluminum enclosure for superior 
RF shielding. Size — 7"W x IVz'H x 7"D. 

• Made in USA. One Year Warranty. 


Send for free information or contact your local dealer. 

787 BRIAR LANE, BELOIT, WISCONSIN 53511 (608) 362-0410 
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Virginia's Antenna Farmer 

From Falls Church comes a simple message to fallow hams: 
Simple antennas work! 


Bill Clarke WA4BLC 
Box 2403 

Falls Church VA 22042 


T his is not just another 
innovative antenna arti¬ 
cle. I haven't reinvented the 
wheel and I shall not ask 
you to do mind exercises to 
understand obscure theory, 
nor shall I dazzle you with 
exotic physical design. I 
shall, however, provide the 
weekend "antenna farmer" 
with a simple-to-construct, 
surefire antenna project 
Most new-generation sol¬ 
id-state HF transceivers are 
designed for instant QSY but 
suffer severe swr limitations. 
Hence the need for broad- 
banded antennas that re¬ 


quire no tuning or switching 
to QSY from band to band. 

The antenna I shall de¬ 
scribe is fail-safe, will work 
under even adverse condi¬ 
tions, and has no lossy coils, 
traps, or stubs. Best of all, it 
can be designed for any 
band or bands desired, fed 
with one feedline, and built 
in a few hours for only a few 
dollars. 

Theory 

The dipole antenna and 
various like antennas have 
been around for a long time. 
They are the workhorses of 
most antenna systems, al¬ 
though often hidden within 
complex design. The dipole 
is inherently balanced, broad- 
banded, and easily fed with 
coaxial cable. It works well 
on the lower amateur fre¬ 
quencies, giving good gener¬ 



The center insulator with the left side of a 3-band antenna in¬ 
stalled. Notice the use of the braid as a flexible connector 
line from the antenna itself to the center insulator lug. 
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al coverage in all directions. 
It also is quite useful on 20 
meters and above but does 
display some directional 
characteristics. 

Many amateurs, capital¬ 
izing upon these character¬ 
istics plus the facts that di¬ 
poles are light in weight in¬ 
expensive, and easy to in¬ 
stall, have never felt a need 
for towers or directional an¬ 
tennas. Yet these same hams 
have worked WAS, 5BWAS, 
DXCC, etc. 


Materials 

First before building the 
antenna, you must have a 
feedline to carry the rf from 
the transmitter to the anten¬ 
na. I've found, over many 
years as a ham, that feed¬ 
lines must reach from the 
transmitter to the antenna. 
No more, no less. Excess will 
only get in the way, and less 
won't reach. I've never 
found a need for quarter- 
wavelength or other mea¬ 
sured feedlines. 



Fig 7. Typical 3-band antenna with one feedline. 



Fig 2. Connection of legs to the center insulator. 



The feedline should be 
RG-58 for output levels un¬ 
der 200 Watts and RG-8 for 
all others. At frequencies 
from 160 to 10 meters, these 
choices will function well 
and exhibit negligible losses 
(see Table 1). 

Purchase your coaxial ca¬ 
ble carefully; if good quality 
is purchased, you can be as¬ 
sured many years of use. 
Check the cable for the 
amount of shielding over 
the center conductor. Gen¬ 
erally, the more shielding, 
the better the quality. To cut 
cost comers at this point is 
to invite trouble in later 
years with a poorly perform¬ 
ing station. 

Be sure the PL-259 con¬ 
nectors used on your feed¬ 
line are installed properly. If 
in doubt, consult any of the 
handbooks for examples 
and guides on their proper 
installation. 

It is a wise amateur who 
covers his outdoor feedline 
connectors with a weather¬ 
proof sealant. I generally 
use a silicone glue such as 
General Electric's RTV prod¬ 
uct This will prevent mois¬ 
ture from entering your 
carefully purchased coaxial 
cable and avoid the mois¬ 
ture-associated problems of 
rf loss and high swr, both of 
which will affect your oper¬ 
ation. 

The wire for the antenna 
should be copper, stranded 
or solid, number 14 or larger, 
to ensure adequate strength. 
An alternative, used at this 
station for years, is galva¬ 
nized electric fence wire. 
The latter is available in rolls 
of VS mile, size #17, for 
about $15. You also will 
need a few insulators, some 
nylon or poly rope, and a 
center insulator. I recom¬ 
mend the Van Gorden Engi¬ 
neering Hl-Q, at $6.95, avail¬ 
able from most amateur 
outlets. 

Construction 

Table 2 gives the lengths 
of legs for the various bands 
of operation. The lengths 
noted are the distance from 


the center insulator to the 
end insulator for each leg. I 
recommend building this 
antenna for two to four 
bands. More than this will 
result in a clumsy package 
to handle and install (see 
Fig. 1) 

In constructing your an¬ 
tenna, each leg must be 
strongly fastened to the cen¬ 
ter insulator, then soldered 
to the tab. I have found that 
a jumper wire from the leg 
to the tab is the best meth¬ 
od, as it allows for flexibility 
during adverse weather con¬ 
ditions (see Fig, 2). 

Each leg must pass 
through the eye of the cen¬ 
ter insulator and fold back 
eight inches. The eight inch¬ 
es is wrapped over the leg it¬ 
self and soldered. After all 
legs have been installed in 
this manner, cut a piece of 
RG-58 six inches long and 
strip the braid off. Use this 
braid as the jumper, wrap¬ 
ping it once around each leg 
about one inch from the 
eye, leaving one inch free 
between each leg and sol¬ 
dering same to each leg. 
Then solder the free end to 
the tab. 

Installation 

When construction is com¬ 
pleted, you must decide the 
method of installation—di¬ 
pole or inverted vee. For in¬ 
verted vees, the angle be¬ 
tween the legs at the apex 
must never be less than 
ninety degrees or signal can¬ 
cellation will result A height 
of thirty feet at the apex will 
be adequate for most gener¬ 
al operation. If a dipole is 
decided upon, the height 
should be equivalent to the 
apex of the vee—thirty feet 
or better. 

The longest legs are the 
highest All legs must be 
kept sufficiently above 
ground level so as to avoid 
having a shock hazard. 

The antenna I use has legs 
marked with a single aster¬ 
isk in Table 2 and is oper¬ 
ated as an inverted vee. The 
height of the apex is thirty- 
five feet, fastened in a 
handy tree. All legs of my 


antenna end with a small 
plastic insulator and are tied 
to a support at least eight 
feet above ground level. 
This keeps the kiddies from 
coming into contact with 
the wires. 




Fig 3. Apex angle. 




Fig. 5. Alternative design for limited space. 
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Band RG-58 RG-8 

160 .50 dB .25 dB 

80 .75 dB .40 dB 

40 1.00 dB .55 dB 

30 1.25 dB .65 dB 

20 1.50 dB .80 dB 

15 1.80 dB .95 dB 

10 2.50 dB 1.20 dB 

As interpreted from the ARRL 
Antenna Handbook. 

Table 1. Transmission line 
losses. 

The feedline should be al¬ 
lowed to fall straight down 
from the center insulator, 


then led to the station. Try 
to align the feedline and the 
various legs to prevent the 
feedline from running paral¬ 
lel with any of them (see 
Figs. 3 and 4). 

Testing 

After the antenna is as¬ 
sembled and is in position, 
test it on each band and 
note the swr at the design 
frequencies. If the swr is 
1.2:1 or less, you need no 
further adjustments. Should 
the swr exceed this limit, 


tune up the band 100 kHz 
and note the swr, then tune 
down 100 kHz and note that 
swr. If the swr is lower up 
100 kHz, you must increase 
the length of the legs being 
tested. If the swr is lower 
down 100 kHz, decrease the 
length. The adjustments in 
length must be made equal¬ 
ly to each leg of the band 
being tested or there will be 
a loss of symmetry. Use ad¬ 
justment increments of six 
inches for 160 meters, three 
inches for 80, two inches for 
40 and 30, and one inch for 
all other bands. Always test 
and adjust the lowest fre¬ 
quency band first, as this set 
of legs will be the support 
for the rest of the antenna. 

Alternative Design 

An alternative design that 
will allow operation on 80 
and 40 meters in a limited 
space is built in a similar 
fashion, but the longest legs, 
those for 80 meters, are 
folded and the shorter legs 
are nested within them (see 


Fig 5). This antenna has 
been a favorite of mine for 
many years and has given 
performance equal to any 
full-size antenna tried at this 
QTH Be sure to keep the leg 
ends at least eight feet 
above ground level to avoid 
shock hazard On the dia¬ 
gram you will notice weights 
on the ends of the folded 
legs: these are to keep ten¬ 
sion on the wires and keep 
them straight. 

Conclusion 

These antennas give in¬ 
stant QSY for all bands of 
design with no need for an 
antenna tuner, which was 
the original goal, and will 
provide consistently good 
contacts. I have worked all 
states on 80 and 40 meters 
with these antennas, again 
attesting to the fact that 
simple antennas do work, 
and work well. 

Remember safety and 
keep your antennas clear of 
all power lines. Happy "an¬ 
tenna farming."® 


Band 

160 low 
160 high 
80 CW 
80 phone 
40 CW ** 
40 phone 
30 
20 


Length In feet 

126.5 

120.0 


* The legs of the WA4BLC antenna. 

* * Often this set of legs will operate ai 


a 3/4-wavelength antenna or 


15, providing you with two antennas for the price of oi 
Table 2. Antenna leg lengths. 
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7 310 Bolling Avenue 
Norfolk VA 23508 


Throw in TV 

Why not? This helix-building experience 
includes everything else ... 


O ne of the major com¬ 
plaints made by radio 
amateurs is the lack of time 
for working on amateur- 
radio projects. Such things 
as mowing the lawn, paint¬ 
ing the house, and gardening 
are brought up by the wife 
just when some time or a 
break in the weather is 
found for an antenna or 
other construction project. 
One solution I attempted 
was to mix my projects be¬ 
tween those for the family 


and those for amateur radio. 

For instance, recently I 
wanted to build a new an¬ 
tenna to receive OSCAR on 
432 MHz. The antenna would 
be a helix. Helixes are circu¬ 
larly polarized and will re¬ 
duce fading due to polar¬ 
ization rotation. However, I 
planned instead to build two 
antennas—both helical. The 
first would be for UHF tele¬ 
vision reception. It would be 
used to pull in channel 15 
for the family television. Be¬ 



End view of finished 5-turn helix for UHF TV reception. 
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cause of the wide band¬ 
width of the helix, reception 
of channels 27 and 33 would 
also be improved. The first 
antenna would serve as a 
prototype for the second, a 
satellite antenna. The sec¬ 
ond antenna was the one I 
wanted. 

Design 

The design of a helix an¬ 
tenna is straightforward and 
detailed methods can be 
found in the literature. 1-3 
However, for amateur and 
entertainment applications, 
a few simple rules suffice. 

First, the circumference of 


one turn should be between 
0.75 and 1.33 wavelengths. 
For use on a single frequen¬ 
cy, a value of 1.0 is used. For 
the television antenna, I 
chose a center frequency of 
610 MHz. Hence, the circum¬ 
ference of one turn is: C = 
300/f(MHz), 300/610 = 49 me¬ 
ters or 19.4 inches. The low- 
frequency limit is then 
found by: A L = 133 X 1 
.49 = .654m; f L = 300/.654 = 
459 MHz. The high-frequency 
limit is found by: Ah = 
0.75 X. 49 = .369m; f H = 300/ 
.369 =813 MHz. The UHF 
television band extends 
from 470 MHz to 890 MHz. 



Side view of UHF TV helical antenna. The antenna is right 
circularly polarized. 





Fig. 1. Five-turn right-circularly-polarized helix antenna. 



Fig. 2. Longeron construction. 


Since our area is restricted turn spacing (S) are calculat- 
to channel 49 or lower, the ed as follows: d=(C/ir)cos 
design is complete. I believe a=(.49m/3.14) cos13.5=.152 
the antenna would work meters=6 inches. S=C sin 
even for higher channels, a=.49m sin13.5=.114 me- 
but you can shift the center ters=4.5 inches, 
frequency to redesign for Third, the ground plane or 
the higher channels if de- disk diameter, D, should be 
sired. equal to or exceed .8 wave- 

Second, the pitch angle lengths at the design fre- 
for the helix should be be- quency: D>240/f(MHz)= 
tween 12 and 15 degrees. I 240/610 = 393 meters=15.5 

used a value of 13.5 degrees, inches (round up to 16 

Knowing the pitch angle (or) inches), 
and the circumference (Q, The final dimensional val- 
the turn diameter (d) and the ues are shown in Fig. 1. The 



diameter of the wire used to protected with clear lac- 
wind the helix should be be- quer. How much tubing is 
tween .005 and .05 wave- needed? Simply multiply C 
lengths. For the television by the number of turns plus 
antenna, this translates to one to allow for the start In 
between 2.45 and 24.5 mm this case: L=C(5+1)=2.94 
(0.096 and 0.96 inches), meters or about 9 feet 8 
Quarter-inch copper tubing inches. Hence, two antennas 
works well and looks im- could be made easily from 
pressive when cleaned and one 25-foot roll of tubing. 









After all, you have to buy 
the tubing for the family an¬ 
tenna. The leftover scrap 
will make do for your hobby 
antenna. 

The input impedance of a 
helix can be approximated 
by: Z=140XQcircumfer- 

ence in wavelengths). Hence, 
for the television antenna, Z 
varies from a low of 105 
Ohms to a maximum of 186 
Ohms. If 93-Ohm coax is 
used, the vswr would not ex¬ 
ceed 2:1, However, the im¬ 
pedance is seldom the nomi¬ 
nal value and is influenced 
by how the first turn is 
made. I have found that for 
noncritical work, 75-Ohm 
coax is a reasonable com¬ 
promise. For antennas used 
with medium- or high-power 
transmitters, particularly sol¬ 
id-state units, a matching net¬ 
work should be included. 

Construction 

The helix supports, or 
longerons, were made first. I 
was able to use a long scrap 
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piece of phenolic material 
for the supports. Any insula- 
tive material could be used, 

i.e., dried wood, fiberglass, 
plastic, or bakelite. The helix 
supports were marked, 
drilled, and split from a 
single piece of material as 
shown in Fig. 2. The holes 
must be drilled before 
separating the two pieces. 
The two supports are sep¬ 
arated with two spacers 
which were epoxied in place 
to maintain parallelism be¬ 
tween the two helix sup¬ 
ports. The helix turns sit in 
the half-hole notches. A 
round tile was used to slant 
the notches at 13.5 degrees. 
This allows the tubing to be 
seated all the way down. 
The antenna photographs 
show the spacers. They also 
show that I got carried away 
on the band saw and re¬ 
moved most of the excess 
material between the helix 
contact points. All I can say 
is that it does reduce wind 
load and weight and looks 


neat—but it is a lot of need¬ 
less work. 

Before winding the helix, 
the copper tubing was 
marked at each C/2 point to 
aid in accurately mounting 
the helix. The tubing was 
then close-wound over a 
short piece of 5Vi-inch tub¬ 
ing. If the wind is in the same 
sense as a right-hand-thread¬ 
ed bolt, the antenna will be 
right circularly polarized. 
After the coil was released, 
the far end was trimmed. 

Next the helix was slid 
over the support longerons. 
The trimmed far end was po 
sitioned over the last notch 
on the upper support and 
clamped, while a hand drill 
was used to drill through the 
tubing and into the support 
with a number 35 bit (6-32 
tap size). Then the tubing 
was shifted over and just the 
hole in the tubing was 
drilled out with a 6-32 clear 
bit The support piece was 
tapped and a V4 -inch-long 
6-32 screw was used to an¬ 
chor the tubing down. 

Turning the antenna over, 
the next C/2 mark was cen¬ 
tered over the last notch on 
the lower support. As with 
the end, the tubing and sup¬ 
port were drilled, the sup¬ 
port tapped, and the two 
fastened together with a 
6-32 screw. 

This process was contin¬ 
ued until each turn of the 
helix was firmly secured to 
the supports. The start end 
of the tubing was bent in a 
smooth curve to the center- 
line and cut off. The free 
end was drilled to accept 
the center pin of the coax 
connector. 

The ground plane was cut 
from an old rack panel. Wire 
screen or hardware cloth 
would work well; I just hap¬ 
pened to have this old panel 
which looked perfect for the 
job. Besides, getting rid of 
the panel can be considered 
as helping to clean the 
garage. Again, I got carried 
away on the band saw and 
the result is seen in the pho¬ 
tographs. The final design 
functions as well as a solid 
disk but is lighter, has less 


wind resistance, and looks 
more interesting than a plain 
disk. 

Mounted in the center of 
the ground plane is the coax 
connector, an SO-239. I 
know it is not a constant im¬ 
pedance connector, but it 
was cheap and it works OK. 
Anyway, I cannot seem to 
master the assembly of male 
type-N cable connectors. 
The two Vi -20 bolts that 
thread into the two helix 
supports and secure the 
ground plane to the sup¬ 
ports are used to fasten the 
antenna to the mast via an 
aluminum angle bracket. A 
word of caution: If you use 
a chimney mount or mount 
near a chimney, make sure 
the antenna is below the 
chimney port. That way, the 
exhaust fumes, which are 
acidic, will bypass your 
work of art. The antenna will 
perform longer and will stay 
cleaner. 

A short run of RG-58 con¬ 
nects the antenna to the 
balun on the television. Run¬ 
ning twinlead to a balun at 
the antenna would gain a 
couple of dBs, but the extra 
gain was not needed. For my 
application, the secondary 
purpose in building the an¬ 
tenna was to get directivity 
and a little gain above the 
local tree line to reduce 
multi-path fading and flut¬ 
ter. The primary purpose 
was to buy time to work on a 
432-MHz helix. While help¬ 
ing to install the helix, my 
wife noticed the gutters 
needed cleaning; maybe I 
can work on my antenna 
next month! By the way, 
the gain is between 9 and 11 
dB over a dipole and the 
half-power beamwidth is 
about 50°. ■ 
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Hugh Wells W6WTU 
1411 18th Street 
Manhattan Beach CA 90266 


Yagi Fear? 

Forget it Whether for construction or comparison, 
this Atari program zaps every design problem. 


A mateur-radio operators 
and shortwave listeners 
are always in need of a bet¬ 
ter antenna or an easier way 
of designing one. Also, 
teachers need a way of com¬ 
paring one design with an¬ 
other as examples for their 
students. 

Many superb antenna con¬ 
struction articles have been 
written over the years. How¬ 
ever, there is still a frequent 
need for a design based 
upon a new frequency or 
number of elements. With 
the aid of the computer it is 
easy to compare design pa¬ 
rameters for antennas hav¬ 
ing a differing number of 
elements. 


This program was devel¬ 
oped on an Atari computer 
for a yagi antenna having 
from 2 to 6 elements and is 
based upon the parameters 
of an idealized antenna 
model. The formulas used in 
the program have been gen¬ 
eralized to increase simplici¬ 
ty. As a result, antennas con¬ 
structed from the program 
data will function as indicat¬ 
ed by the parameters. How¬ 
ever, small ajustments of 
element lengths and spacing 
may prove beneficial for 
some parameters and appli¬ 
cations—particularly if the 
same formulas are used for 
an increase in element num¬ 
ber beyond six. An element 
spacing of 0.2 wavelengths 


was selected to reduce the 
effect of critical tuning pa¬ 
rameters. 

To simplify the construc¬ 
tion of the program, repeat¬ 
ing text messages—relating 
to element name, etc.—are 
stored as string statements. 
Several advantages occur as 
a result. It is easier to handle 
a string as a print require¬ 
ment than it is to repeat the 
typing of each print state¬ 
ment. Of course, a real ad¬ 
vantage occurs during edit¬ 
ing of the entered program 
when a change or correction 
is to be made in the print 
statement. By having the 
statement contained within 
a string, a one-time "fix" in a 
single statement represents 


the change for every time 
the statement is called to 
print. In addition, a separate 
group of print statements 
was developed for each set 
of elements and for frequen¬ 
cies above and below 70 
MHz. The frequency split 
was selected to accommo¬ 
date the change in dimen¬ 
sions from feet for frequen¬ 
cies below 70 MHz to inches 
for frequencies above 70 
MHz. 

Dimensions 

Dimensions for the anten¬ 
na elements, element diam¬ 
eter, and element spacing 
are established as a function 
of wavelength by dividing 
300 by the selected fre¬ 
quency in megahertz. Ad¬ 
justments to the wavelength 
are made to compensate for 
a generalized velocity fac¬ 
tor. 

The program assumes 
that dimensions remain the 
same for an antenna array of 
2 to 6 elements. With an ele¬ 
ment spacing of 0.2 wave¬ 
lengths, dimension toler¬ 
ances tend to be less critical 
than those arrays designed 
with narrower spacing. Ele¬ 
ment dimensions are given 
as a decimal for program 
convenience. However, gen¬ 
eralized fractional dimen- 


1—For/next loop counter 

Si—Element spacing In feet 

A$, B$, C$, D$, E$, F$, G$, H$, J$, K$, L$, 

S2—Element spacing in inches 

M$, and N$—Print statements used during 

X—Wavelength in Inches 

the printout of the design 

D—Element diameter in inches 

P$—Temporary variable for entering a YES or 

BD—Boom diameter in Inches 

NO response 

A—Changes meters to feet 

F—Desired design frequency 

B—Changes meters to inches 

N—Desired number of elements 

RE/REF—Reflector length 

EN—Element number print selector 

DE/DEL—Radiator element length 

BWL—Lower bandwidth limit 

D1/DD1—First director length 

BWH—Upper bandwidth limit 

D2/DD2—Second director length 

W—Wavelength In feet 

D3/DD3—Third director length 

S—0.2 wavelength in feet 

D4/DD4—Fourth director length 

Z—Two wavelengths In feet 

3—Clear screen 

Table 1. Variables used in the program. \ 
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sions are also provided, 
based upon assumed avail¬ 
able standard tubing dimen¬ 
sions. 

Caution is suggested when 
selecting a boom diameter 
for an antenna designed for 
a frequency below 10 MHz. 
Although the program indi¬ 
cates a minimum boom di¬ 
ameter to provide support 
for the array, load factors, 
unsupported boom lengths, 
etc., must be considered. As 
the operating frequency de¬ 
creases, the computer-de¬ 
rived boom diameter tends 
to be too small. The pro¬ 
gram does not restrict the 
design of a low-frequency 
yagi even though it may be 
mechanically impractical to 
build. There are times when 
the dimensions are desired 
as a comparison with other 
antenna types. A cautionary 
note is provided in the de¬ 
sign printout, indicating that 
an alternate antenna design 
should be considered. 

Feedpoint 

The question most asked 
about an antenna design is 
"How is the antenna to be 
fed?" For user convenience, 
coaxial cable is the most de¬ 
sired. However, not all an¬ 
tenna designs will provide 
an unbalanced feedpoint 
for coax. Therefore, if the 
antenna has a balanced 
feedpoint, a matching de¬ 
vice will be required to con¬ 
vert from a balanced feed- 
point to an unbalanced 
transmission line. A balun or 
gamma matching device 
will satisfy most applica¬ 
tions. 

Feeding a balanced feed- 
point directly with coax 
causes a feedpoint discon¬ 
tinuity which will be ob¬ 
served as a vswr problem of 
about 1.5:1 which cannot be 
corrected by typical anten¬ 
na adjustments. If only the 
balanced/unbalanced dis¬ 
continuity problem exists, 
little user notice will be ob¬ 
served if the transmitter will 
tolerate the vswr incurred. 
Corrective action must be 
taken for a vswr exceeding 


2.0:1 because a problem ex¬ 
ists somewhere in the anten¬ 
na feedline system. Many 
commercially-built transmit¬ 
ters have a vswr detector in 
the rf output circuit to limit 
the power output when the 
vswr exceeds a selected val¬ 
ue. That vswr value may vary 
from 1.4:1 to 1.7:1, depend¬ 
ing upon the manufacturer. 

The radiator element of a 
yagi antenna is balanced 
whether or not it is broken 
(cut in the center). When 


broken, a single element in 
free space would exhibit a 
center feedpoint impedance 
of 60-70 Ohms balanced. As 
additional parasitic ele¬ 
ments enclose the radiator 
to form a yagi, the feedpoint 
impedance may decrease to 
a value as low as 10-15 
Ohms. The feedpoint will re¬ 
main balanced regardless of 
the number of elements sur¬ 
rounding it The specific 
feedpoint impedance will 
be determined by element 


spacing and radiator element 
length-to-diameter ratio. 

Most baluns have a 4:1 
impedance ratio with the 
highest impedance appear¬ 
ing at the balanced termi¬ 
nals and the lowest imped¬ 
ance at the unbalanced ter¬ 
minals. When used with a 
yagi, the balun could be at¬ 
tached to a "T" match on 
the unbroken radiator at the 
100-Ohm balanced point. It 
would then match coax at 
50 Ohms. A more practical 
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approach is to use a gamma 
match (one half of a "T" 
match) on the unbroken ra¬ 
diator. The gamma match is 
a variable impedance trans¬ 
former capable of providing 
an unbalanced feedpoint 
having an impedance from 
about 15 to 100 Ohms which 
is suitable for most coax 
types. 

Antenna Gain 

If an antenna were con¬ 
sidered to be a point source 
in free space where it could 
emit energy equally in ev¬ 
ery conceivable direction, it 
would then have a gain of 
one. In a practical sense 
here on Earth, a point source 
cannot be achieved. A radi¬ 
ating device on Earth re¬ 
quires a support and will 
also radiate energy favoring 
one direction more than an¬ 
other. Although a point- 
source radiator is essentially 
impossible to construct, it is 
an ideal mathematical mod¬ 
el for establishing gain con¬ 
cepts for practical antennas. 

A dipole is a practical an¬ 
tenna which has a predict¬ 
able and repeatable anten¬ 
na-radiation pattern which 
can be described in terms of 
gain. A dipole, being reso¬ 
nant, will radiate energy per¬ 
pendicular to the element 
plane causing very little if 
any energy to be radiated 
off the ends parallel to the 
axis of the element More 
energy is radiated in one di¬ 
rection than in another, 
creating, in effect a form of 
energy focusing. 

To further understand the 
concept of gain, consider 
the antenna to be a trans¬ 
former with a magnetic field 
being generated around the 
radiating element Energy 
will be coupled from one 
element to another if the 
second element lies within 
the magnetic field gener¬ 
ated by the first element Of 
course, the elements must 
be in the same magnetic 
plane, as can be demonstrat¬ 
ed with the primary and sec¬ 
ondary windings of a trans¬ 
former. 
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Program listing. 



A higher antenna gain is amount of magnetic field ond element as if the radi- 

exhibited when more of the generated around the first ated power had been in- 

radiated energy is coupled element it is necessary to creased. Antenna gain has 

from the first element to the concentrate the magnetic been achieved by focusing 

second by focusing (con- field into the area (or direc- the radiated energy, 

centrating) the radiated en- tion) of the second element A yagi antenna achieves 

ergy. It is assumed that the The process is similar to gain by placing parasitic ele- 

radiated-power value remains focusing light energy with a ments around the radiator, 

constant and only the radia- reflector. A concentration Each parasitic element is 

tion pattern is manipulated, of the field into one area has nearly resonant at the de- 

Since there is only a given the same effect on the sec- sired operating frequency of 















the radiator and will absorb 
some of the radiated energy. 
By being nearly resonant 
each parasitic element 
creates a phase shift in the 
energy it re-radiates. Energy 
radiated rearward creates 
an out-of-phase condition, 
reducing the actual rear¬ 
ward radiated energy. In the 
forward direction, however, 


the phasing is such that 
energy radiated by each ele¬ 
ment is in phase and is rein¬ 
forced as the energy moves 
forward. The reinforcement 
process creates the effect of 
gain through forward-power 
concentration. 

In creating antenna gain 
by power concentration in 
the forward direction, the ra¬ 


diated energy in other direc¬ 
tions (areas) around the an¬ 
tenna is reduced consid¬ 
erably. If a measurement is 
made of the energy radiated 
in the forward direction and 
the energy radiated rear¬ 
ward, an antenna's front-to- 
back ratio would be deter¬ 
mined. The front-to-back ra¬ 
tio of an antenna is further 


indicative of its gain and abil¬ 
ity to focus energy. 

Beamwidth 

Beamwidth is another mea¬ 
surement of an antenna's 
ability to focus energy. The 
measurement is made by 
first establishing the anten¬ 
na pattern which depicts 
the relative amount of ener¬ 
gy radiated in a single plane 
around the antenna The 
highest concentration of en¬ 
ergy in one given direction 
is the forward direction. 
Beamwidth is determined 
by shifting angularly to 
either side of the forward 
position where the radiated 
power is down to one-half 
(—3 dB) of the forward- 
power position. The in¬ 
cluded angle between these 
two half-power points repre¬ 
sents the beamwidth. 

As the gain of an antenna 
increases, the beamwidth 
will decrease, indicating a 
higher concentration of en¬ 
ergy in the forward direc¬ 
tion. During antenna adjust¬ 
ments, a false sense of secu¬ 
rity can be developed if only 
beamwidth is observed as a 
gain factor. Yagi antennas 
have been known to de¬ 
crease their beamwidth dur¬ 
ing adjustment while dis¬ 
persing an increased amount 
of energy into a parasitic 
lobe (a power output in a di¬ 
rection other than the de¬ 
sired forward direction). 
When taken together, for¬ 
ward gain, beamwidth, and 
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front-to-back ratio represent 
the performance parameters 
of an antenna. 

General 

Because of the rather 
lengthy printout for each an¬ 
tenna design, it is recom¬ 
mended that a printer be 
used rather than attempting 
to read the data from the 
screen. However, if a printer 
is not available, the LPRINT 
command may be changed 
to PRINT. To stop the screen 
from scrolling long enough 
to read the data, an INPUT 
command may be inserted 
into the program. It is sug¬ 
gested that INPUT P$ be in¬ 
serted about every 20 screen 
printout lines. Pressing RE¬ 
TURN (ENTER) will allow the 
program to run up to the next 
INPUT. 

A typical five-element de¬ 
sign for 146 MHz is provided 
to show how the printout 
should look when the pro¬ 
gram is running properly. 

To run the program, it is 
necessary to enter only the 


center operating frequency 
and the desired number of 
elements (2-6). As an exam¬ 
ple of what happens, if two 
elements are selected, the 
program will assume the ele¬ 
ments to be the radiator and 
the reflector. Additional ele¬ 
ments will be added as 
directors numbered one 
through four with number 
one being closest to the radi¬ 
ator; number four will be the 
farthest away from the radi¬ 
ator. An antenna diagram is 
printed at the end of the 
design printout to provide 
clarity of construction. 

All elements are mounted 
in a single plane along a 
boom, with each element 
centered on the boom (or 
through the boom) to keep 
the induced boom currents 
to a minimum. Material for 
the boom may be wood, 
metal, or fiberglass, with on¬ 
ly strength and weight being 
the criteria. Aluminum tub¬ 
ing has proven to be a suc¬ 
cessful material for both the 
boom and elements. ■ 
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check to Rick^Commo K1LOG, 3 Pryor 
Road, Natick MA 01760, before April 29th, 

ly with the hotel (mention the Eastern 
VHFAJHF Conference) or other motels In 

Lewis D. Collins W1GXT, 10 Marshall Ter¬ 
race, Way I and MA 01778, or phone (617)- 
358-2854 before 10:00 pm. 


Inn, Lufkin TX. On Friday night there will 
quarters personnel, state MARS directors, 

pitality room will be open. On Saturday, 


id outdoor facilities, shuttle ser- 


lf\A/E5TECH 


ELECTRONICS 


FlIICOMl 


IC-745 ... $888 

Call Today For Your 
SPECIAL PRICE 
on all ICOM items 

l\ mSTSw v JPC azoen 

BIG SAVINGS! 

\^\ /s. --Call Today-- 


• Corsair—Argosy II—2m HT 

• Call for Discount Package Prices! 


Prices and availability subject to change; please call for latest information 
RTE 286, PRESQUE ISLE PLAZA, PITTSBURGH, PA 15239 
CALL (412) 733-1555 MT&W 10-6 Th&F 10-8 Sat 10-2 
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telephone (216^-725-5021 of (216^723-5010. 


WAGONER OK 
MAY 18-20 














































ATTENTION 

SUBSCRIBERS 

We occasionally make our mailing list 
available to other companies or organiza¬ 
tions with products or services which we 
feel might be of interest to you. If you prefer 
that your name be deleted from such a list, 
please fill out the coupon below or affix a 
copy of your mailing label and mail it to: 

The Wayne Green Publications Group 
73: Amateur Radio's Technical Journal 
PO Box 931 

Farmingdale, NY 11737 


j Please delete my name from mailing lists sent 
I to other companies or organizations. 

I 

j name _ 

I address _ 

I city _ state _ zip _ 


^Hi Pro Repeaters 



Manufacturers of Qualit y Communications Equi pment 



• Repeaters 

• Links 

• Remote Base 

• Low Band VHF UHF 

• Receivers 

• Transmitters 

• Antennas 


Standard and 

Computerized 

Controllers 

Standard and 

Computerized 

Auto Patches 

Duplexers 


MAGGIORE ELECTRONIC LAB. 

590 Snyder Ave.. Phone (215) 436-6051 

West Chester, PA 19380 Telex 499 0741 MELCO 


WRITE OR CALL FOR OUR COMPLETE CATALOG 


73 Magazine • May, 1984 











































94 73 Magazine • May. 1984 




































































Rochester 

H/H4FEST 

ATLANTIC DIVISION/NY STATE 

ARRL CONVENTION 

SATURDAY, MAY 19 

MONROE COUNTY FAIRGROUNDS 
ROUTE 15A 

Largest Annual Show and 
Flea Market in Northeast. 

Information: ROCHESTER HAMFEST 

300 White Spruce Boulevard 
Rochester. NY 14623 
(716) 424-7184 
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TU-1200 

• Baud rates to 1200 ASCII & 
BAUDOT 

• TTL & RS-232C I/O 

• Bell 202 compatible tones. 

Kit $ 99.95 
• wired $129.95 


TU-170A 

• Single shift RTTY terminal unit. 

• Xtal AFSK, FSK, active-filters and 
more. 

Kit $189.95 
I wired $289.95 



TU-470 

• Full featured RTTY to 300 baud $499.9 
plus CW terminal unit. 

• 3 Shifts, active filters, remote control, xtal 
AFSK, FSK. 


TRS-80* RTTY/CW 

• ROM-116 Interface for model 

IV (16K MIN). $275.00 

• Trademark of TANDY CORP. 


OTTY 

For more information & sales 

1-800-HAM-RTTY 

SERVICE 1-913-234-0198 

© Flesher Corporation 
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DR. DIGITAL 


Robert Swlrsky AF2M 
PO Box 122 
Cedarhurst NY 11516 

CHOOSING A 

PROGRAMMING LANGUAGE 

Computer users are always debating 


cause the compiler checks the program s 
syntax and converts It to machine lan¬ 
guage before any code Is actually execut¬ 
ed. In contrast. Basic Interpreters (i.e., Ap- 

PROGRAM ADD; 


10 INPUT A* 

20 FOR X = 1 TO 1000 
30 S = S X 
<10 NEXT X 
50 PRINT S 


Lining 1. Basic. 



1.58 seconds to execute-237% taster 




VAR SUMS INTEGER!63; 

idx:integer; 
x :char; 

begin (*ADD*> 

READLN (X)J 

sum := o; 

FOR IDX := 1 TO 1000 DO 

sum := sum + idx; 

WRITELN (SUM) 


Listing 2. Pascal. 



longer to get the program ready lor execu¬ 
tion. For this reason, when writing a pro¬ 
be done once, a compiled Basic Is not 
worth the extra effort. On the other hand, 


PUI, Pascal, and Cobol 
Because they are compiled, PUI, Pas- 


disadvantages as T.A.S.C. This is not too 
surprising. What Is surprising is that all 
three of them were slower In execution 
speed than Applesoft Basic. In fact, Put 
and Cobol were slower than Baslc-80. 

Ustlng 2 shows the Pascal version of 
the program. Notice that It took 11 lines as 
compared to Basic s 5 lines, making It 
220% longer It took 5 minutes, 7 seconds 
to write, compile, and run the program; ex¬ 
ecution time alone was 4.52 seconds. The 
version of Pascal I used was UCSO Pascal 
version 1.1 running on a 2-MHz Z80 com¬ 
puter. UCSO Pascal is not a true compiler. 
It converts the program Into an Intermedi¬ 
ate language called P-code, which Is then 
Interpreted. 




sdd’proc options (main); 


del x fixed decimal (10,0) » 
del sun fixed decimal (10,0); 
del f char(l>; 


get list (f>; 
sum = 0; 


the moment I sat down at the keyboard to 
the end of the first working run. I also did 

problem that Is not efficiently calculated 


do X = 1 to 1000; 

sum = sum + x; 
end; 


Pascal, PUt, and Cobol. 


Basle 

The Basics I used were Applesoft, Mi¬ 
crosoft Baslc-80 (running under a 2-MHz 
CP/M system), Atari Basic, and T.A.S.C. (a 
compiled Applesoft marketed by Micro¬ 
soft). The prog ram, w hich calculate s the 

mil timing-timing starts when RETURN 
Is hit In response to the INPUT statement 
and stops when the result appears on the 
display. (In the Atari version, I added “5 

Atari Basic handles strings differently.) 

Writing time for Applesoft. Microsoft, 
and Atari Basics were close, at 38,44, and 
50 seconds respectively. Execution times 

onds for Microsoft Baslc-80, and 5.75 sec- 
onds for Atari Basic, ft is Interesting to 
note that although the Atari’s 8502 MPU 
runs at 18 MHz as compared with Apple's 
1.024MHz clock. Atari Basic is slower by 
a factor of 84%. This example shows that 
CPU speed Isn’t always a good criterion 
with which to compare computers. 

T.A.S.C., which stands for The Apple¬ 
soft Compiler, had a "writing time” of 2 
minutes, 7 seconds. The extra time Is be- 
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put sk.ip list (sum); 
end add; 

Listing X PULBO. 


IDENTIFICATION DIVISION. 

FROGRAM-ID. ADD. 

ENVIRONMENT DIVISION. 

DATA DIVISION. 

WORKING-STORAGE SECTION. 

77 IDX PICTURE 999?. 

77 SUM PICTURE 999999. 

77 X PICTURE X. 

PROCEDURE DIVISION. 

BEGIN. 

ACCEPT X. 

MOVE ZERO TO IDX. 

MOVE ZERO TO SUM. 

PERFORM ADD-PAR UNTIL IDX = 1001 
DISPLAY SUM. 

STOP RUN. 

ADD-PAR. 

COMPUTE SUM = SUM + IDX. 

ADD 1 TO IDX. 

Ustlng 4. Cobol. 

PC-/. f/U ^ ' )V l' {'■' r 'c(>, ^ 

3 3 $ri'u.,}3 , yZ - , ' zo 


PUI-80 produced some disappointing 
results (Listing 3). It took 4 minutes, 49 
seconds to write, compile, link, and run 

8.13 seconds, slower than the slowest 
Basic (Baslc-80) in our benchmark. 

The PL/180 compiler is marketed by Dig¬ 
ital Research and Is my favorite micro¬ 
computer language. It Is not efficient 
when calculating fixed-point binary num- 
bera—usually about 35 times faster than 




PUI programs and, not surprisingly, slows 
them down. It is these same time-wasting 
features that can be lifesavers in many 
programming applications and make for 
more efficient programs. 


The slowest language In our benchmark 
Is Cobol-60 made by Microsoft. Cobol Is a 
business language and Is best at file 
handling and printing tables of decimal 
numbers. Speed In calculation Is not one 
of Cobol’s strong points. 


the Cobol program in Listing 4 took 9 min¬ 
utes and 27 seconds. Execution time 
alone was 22.45 seconds—373% slower 
than the Baslc-80 and 1439% slower than 


TAS.C. It Is clear that Cobol-80 Is not a 


However, when working with data files or 
printing out financial reports, paychecks, 











CONTINUOUS COVERAGE 
FOLDED DIPOLE ANTENNA 



(formerly Model 370-15) 

• Fully Assembled • 52 OHM • Only 90 feet long 

• SWR less than 2:1 from 3.5 thru 30 MHz. Average SWR 14:1 

• Will handle 1 KW power (2 KW PEP) 

m Can be installed as flat top. sloper, or Inverted "V" 

• Used the wofld over in government & commercial communication 
installations 

• Ideal for all operations - amateur, commercial. MARS - any frequency 
from 3.5 - 30 MHz 

PRICE M49 5° 


PIUS S3 00 sr-.pp.ng and HandSna 
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Bill Gosney KE7C 
Micro-80, Inc. 

2665 North Busby Road 
Oak Harbor WA 98277 


radio bands of 144 MHz and above. Mini- 

change of callalgne and signal reports (or 
other mutually understood Information) 


bounded by Integral values of latitude and 
longitude. For example, a station whose 
longitude Is 112 degrees 32 minutes 15 
seconds west and latitude Is 37 degrees 25 


Sponsored by the North Whldbey Island HF MSTV or fax signals via amateurs, ml- 

Repeater Association (NWIRA). crowave DX, 10 DX foreign countries via 

All contacts, to be valid, must have EME, 10 two-way contacts on an amateur 

been made on or after January 1, 1981. satellite, and 25 DX countries on RTTY are 


ocatlon or from other locatton(s) licensed 
o the application, no two of which are 


grid 112W37N. All stations are urged t 

equivalent recognized QTH locator cod 
their station cards to assist others In c 



To qualify, applicants must work all ten 
US call districts, a minimum of six Cana¬ 
dian provinces and/or territories, and at 


All A5 Magazine awards require sub¬ 
scription-label Information date codes. 
Enclose $1.00 for the cost of the award 
certificate and 50 cents postage for return 
mailing (envelope Is provided). Allow 2-3 
weeks for verification and mailing. Send 
all requests to Awards Manager, A5 Maga¬ 
zine, PO Box H, Lowden IA 52255-0408. 
Winners of awards will be published on a 
regular basis In A5 Magazine. 


dorsements for working additional sta 
tlons In Increments of 25 (e.g„ 125, 150 
175, etc.) or for making all the contacts 
during a single calendar year (Jan. ' 
through Dec. 31) are available only If al 


CENTRAL STATES VHF 
SOCIETY OPERATING 
AWARDS 


The IK Coverage Award requires con¬ 
tacts of sufficient number and distance 
such that the sum of the QSO points for all 


anzaro, Italy, chapter of ARI, Associazlone 
Radloamatorl Itallanl, Issues an Interna¬ 
tional DX award called Marco Polo, In order 
to commemorate the long and difficult trav¬ 
els of this Italian explorer throughout Asia, 
starting from Venice In the XIII century. 

This award Is available to any OM/SWL 
who Is a member of the IARU section of his 

Polo over the airwaves, by establishing con- 


Faet-Scan ATV Award 
"Getting the a i 


gust, the Central States VHF Society for¬ 
mally announced Its new operating 
awards program with three colorful 
awards for VHF/UHF/SHF bands. 

Each award was designed to stimulate 


A brief summary of the rules Is listed be¬ 
low. The cost Is $4.00 plus $1.00 for mall 
coverage; endorsements cost $1.00. For a 
complete copy of the rules or any Inquiries, 
contact Award Manager I8QLI, Gianni Ver- 
degigllo, PO Box 19,88100 Catanzaro, Italy. 

We think that a large number of DX hunt- 

diploma. This award requires skill, dili¬ 
gence, and unrelenting effort in pursuing by 
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CONTESTS 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 


LATE SPRING QRP SSB 
ACTIVITY WEEKEND 
May 5-6 

i Is one of several QRP activity week- 
held throughout 1984 by the G-QRP* 
>f England. The events are intended to 
te QRP activity at the times and on the 
ncies suggested. Members from other 
:lubs throughout the world and ail am- 
interested in QRP are invited to join in 
following times and frequencies: 
Times (GMT) Frequencies 


ty, state, province, country, or region of 
operation, callsigns of all operator sloggers 
if multi-op, name of club if part of a club ag- 

printed in block letters , and a signed declara- 
observed. Ail stations making more than 200 
pie summary and log sheets are available for 


Class-B stations are all other stations operat¬ 
ing in Florida. Entrants may be single¬ 
operator or multi-operator and this must be 

Each entrant agrees to be bound by the 
provisions of the contest announcement, the 
regulations of the applicable licensing au¬ 
thority, and the decisions of the Florida Skip 
Contest Committee, which are final. 

EXCHANGE 

Florida stations send RS(T) and county of 
operation. Others send RS(T) and US state, 
Canadian province, or country. 


qualified for improper reporting, excessive 
dupes, errors in multiplier lists, unreadable 
logs, obvious cheating, etc. All entries must 

tries to: Florida Skip Contest Committee, do 
Florida Amateur Radio Society, PO Box 9673, 
Jacksonville FL 32208. 


MICHIGAN QSO PARTY 
1800 GMT May 19 to 
0300 GMT May 20 
1100 GMT May 20 to 
0200 GMT May 21 

This year’s QSO party will be sponsored by 
the Oak Park ARC. Phone and CW are com¬ 
bined into one contest. Michigan stations 
can work Michigan counties for multipliers. 


Class C-SWL 
Y2-2814/M II 


CALENDAR 


Late Spring QRP SSB Activity Weekend 

Florida QSO Party 

Michigan QSO Party 

ARRL VHF QSO Party 

ARRL Field Day 

AS International SSTV DX Contest 

ARRL UHF Contest 

New Jersey QSO Party 

SARTG Worldwide RTTY Contest 

AS North American UHF FSTV DX Contest 

ARRL VHF QSO Party 

Washington State QSO Party 

Late Summer QRP CW Activity Weekend 

ARRL QSO Party—CW 

ARRL QSO Party-Phone 

ARRL Sweepstakes—CW 

ARRL 160-Meter Contest 
ARRL 10-Meter Contest 
QRP Winter Sports-CW 



ittt THE LCARA PATCH 

NEWSLETTER OF THE MONTH 

THE LCARA PATCH is another fine example of the outstanding 
W5YI Report. DX and FCC news, and much more, the February iss 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

have to have some system for 
getting Novices to Keep on mov¬ 
ing their code speed up until it 
reaches at least 35 per. It means 
making sure that we don't let a 
few lazy hams reflect badly on 
all of us by letting their code 
speed slip just because they 
spend most of their hamming 
time rag-chewing on phone or 
working RTTY. None of us wants 
to see that happen, right? 

One possible way to help all 
of us keep our code speed up, 
even if we do spend a good deal 
of time on phone, might be to re¬ 
quire all operators to exchange 
callsigns only on CW, even for 
phone contacts. After all, RTTY 
operators for many years had to 


send their calls on CW before 
and after each transmission. We 
could go further and make It Ille¬ 
gal to give your call on voice. I’d 
like to see someone put that into 
a petition and send It to the FCC 
as part of the obviously needed 
beefing-up of code. 

You know, if we don't outlaw 
repeating the callsign on voice, 
we could see many ops putting 
the CW identification on a ROM 
chip at 100 wpm, operated by 
the mike button. Could we even 
outlaw the use of computers to 
decipher the callsigns sent on 
CW? Why not? 

The more we encourage ama¬ 
teurs to use computers and 
code keyboards, the more likely 
we are to have amateurs getting 


lazy about their code speed. 
Also, if any of the FEMA or CD 
crowd get a taste of high-speed 
digital communications, we're 
going to have a hard time get¬ 
ting them to let us use Morse 
code for emergencies. Best we 
do what we can to discourage 
RTTY, ASCII, packet radio, and 
other systems which do not de¬ 
pend entirely on the code skills 
of licensed amateurs. We sure 
don’t want any unlicensed oper¬ 
ators putting us out of work in 
emergencies—not even after 
WTCAD. 

Computers and keyboards 
are pernicious things, automat¬ 
ing communications and taking 
it out of the hands of us, er, 
amateurs. The ARRL has been 
fighting RTTY for the last thirty 
years—obviously going along 
with the main line of amateur 
convictions. 

Okay, what should we do 
next? I’ve already proposed a lit¬ 
tle rule change to the FCC which 
I feel is necessary if we are go¬ 
ing to make sure that none of 
the old-timer hams lets his code 
speed slip. Perhaps the next 



step is to get a bit more spec¬ 
trum for CW communications. 
Wouldn't it be great if we could 
put the 40m band back the way it 
was 50 years ago? That used to 
be strictly a CW band in those 
days. And you didn't hear any 
foreign broadcast stations 
there, either. It wasn't until we 
opened 40m to phone communi¬ 
cations that they were able to 
creep in. Now they've just about 
squeezed amateurs out of our 
phone band. If we go back to 
CW, we might be able to push 
those bums out. So let's see 
some proposed 40m changes, 
eh? Let’s get phone out of 
there—and perhaps RTTY also. 

40m used to be the truly great 
ham band of the world. There 
used to be more ham ac¬ 
tivity—and that was 100% good 
old honest CW, chum—than on 
any other ham band. It was 
packed solid with CW ops 50 
years ago—and can be again. 
Ask any old-timer about it. 

You know, I think 40m began 
to go downhill a bit when they in¬ 
vented the vfo. You youngsters 
don’t know the excitement of 
plugging in a crystal, firing up 
your rig, calling a long CO, and 
then tuning the entire 300 kHz 
of the band for a call. None of 
this slam-bam stuff. None of 
these three-by-three calls. If you 
wanted to get someone, you 
called CQ for three to five 
minutes. And when you were 
calling someone, you called 
them for several minutes so they 
could tune up the band and find 
you, often checking hundreds of 
signals as they tuned. Doesn’t 
that sound worlds better than 
sending a quick CQ and check¬ 
ing your frequency? You bet! Do 
you think we could bring back 
crystals and junk all these con¬ 
founded synthesizers weVe 
been forced to buy? 

If they took all that crap out of 
our rigs, they could get the price 
down more where it ought to be. 
I remember when you could buy 
a nice ham receiver for $29.50— 
the good old Halllcrafters Sky 
Buddy. By the time they've put in 
ten or fifteen bands, synthesis, 
sideband generators, and de¬ 
modulators, Is It any wonder 
some of these rigs cost over 
$500? We don’t need all that 
stuff for CW, so let's get rid of it. 

Hey, I'll be looking for you on 
40m just as soon as I find where 
I put my key, okay? It’s around 
here somewhere—I saw it a cou¬ 
ple of years ago. 
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Fig. 1, ASCIRo-Mumy i 



















































W9INN ANTENNAS 
BOX 393-S MT. PROSPECT, »L 60056 
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C ~ QUALITY SATELLITE TELEVISION RECEPTION 

\ System A. A- 

> x\ ' * ^S~H.SSSSSSSs5^ 

^Sr™ <lu “ ,,w “ '■ ■“ «- 


^ ts t» is 


I 


£ <$ X Qnginee!tmg> 

19208 R. D. Mize 
Independence, Mo. 64057 

816 - 795-1413 


KENWOOD Wm@@iy) 



IC-471A S799...CALL 


CLOSE OUT SALE 
IC-720A $859.00 

FT-102.$695.00 


USED 
FT-902DM $695 

FT-901 DM $595 I 

FT-101E.$495 

IC-290H $399 

TR-7850 $279 




] ICOM 'C-R 70 KENWOOD R i°°° 

IC-R71A 00 


S JUN’S ELECTRONICS 03 

Call 800 Numbers Our Prices Are Competitive 
800-882-1343 “Aqui Se Habla Espanol" 800-648-3962 

3919 sepuiveda Bivd. We Service What We Sell 460 E p| “ mb Lane, #1 « 7 

Culver City. CA 90230 ... 1 .... 17 .' Reno. Nevada 89502 

1213)3908003 We Stock What We Advertise <702)8275732 
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DEALER 
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mmmon 
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DIRECTORY 

J. H. Nelson 

4 Plymouth Dr. 


I 



EASTERN UNITED STATES TO: 


CENTRAL UNITED STATES TO: 


WESTERN UNITED STATES TO: 



A = Next higher frequency band may also be useful. 

B = Difficult circuit this period. 

First letter = night waves. Second = day waves. 

G = Good, F = Fair, P = Poor. * = Chance of solar flares. 
# = Chance of aurora. 





May 

WH° 



S.T 



G/G 

F/G 

3 . 

F/F 

4 

F/G 

[5 

FI 

6 

7 

8 

9 

10 

Tl 

12 

F/G 

F/G 

G/G 

G/G 

G/G 

F/F 

p/ 

13 

14 

15 

16 

17 

18 

19 

P/F 

F/F 

F/G 

F/G 

G/G 

G/G 

G/ 

20 

21 

22 

23 

24 

25 

26 

G/G 

27 

F/G 

28 

P/F 

29 

1 F,F 
30 

G/G 

31 

G/G 

i G/ 


F/G ; F/G G/G G/G l F/F 
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Transistor Tester 
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Rate Your Club 
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Simple Rf 
Frequency Counter 
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VIC-20/C-64 Code 
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Don't Grope in the Dark! 
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NEVER SAY DIE 

editorial t>y Wayne Green 



DUMB WAYNE 

Word of a petition I submitted 
to the FCC having to do with CW 
was published in abbreviated 
form in QST. Working on the 
basis of this biased report and 
without giving the situation 
much thought, a few Chicken 
Littles have been yelling wolf, if I 
may mix my metaphors. Actual¬ 
ly, I think that without exception 
the reaction has been to attack 
me personally, not my ideas. I'm 
used to that. 

In a classic case of projec¬ 
tion, I'm classed as dumb by 
amateurs who haven't been 
reading 73 and thus don’t under¬ 
stand what I'm doing. Hey. they 
may not agree with what I think 
or do, but if they ascribe dumb¬ 
ness as a factor, they’re in 
trouble. 

So what in hell Is Wayne up to, 
anyway? Well, It is simple in 
some ways, but not quite obvi¬ 
ous unless you read things care¬ 
fully all the way through and 
then think about it. You 73 read¬ 
ers are used to that—indeed, 
that may be one of the things 


that sets you apart from the 
others. 

Let's look at the basic situa¬ 
tion. We have a dying hobby- 
amateur radio. Twenty years 
ago, 75% of the newcomers 
were teenagers. Now, not only 
do we have very few newcomers, 
but of the ones we do have, only 
about 25% are teenagers. Thus 
not only is amateur radio drying 
up as a market and as a hobby, 
but also it has almost totally 
dried up as a source of high-tech 
career people. This last has. I 
believe, done serious damage to 
our country. 

Now, I suppose that it is 
quaint of me to worry about the 
United States. And it Is even sil¬ 
lier for me to let my feelings for 
my country influence what I do. 
But I see amateur radio as hav¬ 
ing two major responsibilities to 
our country—one as a way to at¬ 
tract youngsters to high-tech 
careers and the other as the only 
real backup we have for com¬ 
munications in case of a nuclear 
attack. 

Neither of these is a simple 


matter. But I can't help but take 
emergency communications se¬ 
riously when President Reagan 
tells us that a survlvable emer¬ 
gency communications service 
would be one of the best deter¬ 
rents to an atomic attack yet. 
This makes eminent sense. 

If I didn't think it made sense. 
I would not have devoted the 
last few years to working with 
the FCC's National Industry Ad¬ 
visory Committee and the last 
18 months also to the FCC's 
Long-Range Planning Commit¬ 
tee (for emergency communica¬ 
tions). I’ve made many trips to 
Washington at my expense for 
these committee meetings and 
have been one of the more ac¬ 
tive participants right from the 
beginning. 

By virtue of my position with 
the committees and my discus¬ 
sions with the FCC Commis¬ 
sioners, I have a fairly good un¬ 
derstanding of the state of the 
art of emergency communica¬ 
tions at present for all of the 
communications services. I've 
written about this before, so it 
should not be a news flash. I 
don’t think I’m letting any 
secrets out if I tell you that other 
than amateur radio, there are 
few real plans for coping with 
any serious emergencies by the 
commercial radio communica¬ 
tions systems. The worst part of 
it is that you may imagine that 
amateurs have some sort of 
wonderful secret plan. Sorry 
about that, but there’s virtually 
nothing! 

Amateurs have taken the lead 
in coping with emergency com¬ 
munications needs for many 
years—and we’ve done rather 
well, all things considered. 
These past emergencies have 
taught us some lessons which 

Continued on page 88 
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Easy Berardi Building 

You can count on this simple frequency counter from Arizona. 



PC board, foil-side view. 


loseph Berardi 
14213 N. 38th St. 
Phoenix AZ 85032 


T his is a construction arti¬ 
cle for building a very 
simple, high-quality fre¬ 
quency counter. My home- 

W1 U1-3 to DS2-9 

W2 U1-4 to DS2-7 

W3 U1-5 to DS2-8 

W4 U1-6 to DS2-6 

W5 U1-8 to DS1-9 

W6 U1-9 to DS1-8 

W7 U1-10 to DS1-7 

W8 U1-11 to DS1-6 

W9 U1-15 to DS1-1 

W10 DS1-1 to DS2-1 

W11 U1-16 to DS1-14 

W12 DS1-14 to DS2-14 

W13 U1-17 to DS1-13 

W14 DS1-13 to DS2-13 

W15 U1-19 to DS1-3 

W16 DS1-3 to DS2-3 

W17 U1-20 to DS1-11 

W18 DS1-11 to DS2-11 

W19 U1-21 to DS1-4 

W20 DS1-4 to DS2-4 

W21 U1-22 to DS1-12 

W22 DS1-12 to DS2-12 

W23 U1-23 to DS1-5 

W24 DS1-5 to DS2-5 

Table 1. Wiring guide. 


made counter uses the very 
popular Intersil ICM-7216-D 
counter chip and the Fair- 
child 11C90 prescaler. Just 
add a few discrete compo¬ 
nents, some LED displays, 
another three ICs and we 
have a very professional¬ 
looking frequency counter. I 
built this counter on a 
3"X6" printed circuit board 
and installed it in a small 
lightweight enclosure. The 
counter design is essentially 
lifted right out of the appli- 



Fig 1. Operating range of the 
11C90. 
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Frequency (MHz) Signal Level (mV rms) 
Minimum Maximum 



Resolution 1 kHz @ ,1-second gate time; power requirements: 5 volts 
@ 200 mA or 7.5-24 volts @ 225 mA. 

Table 2. Operating limits on the author's counter using an 
HP8640 for comparison. 

cation notes for both the fre- urating at a much smaller 
quency counter and pre- signal level. When the am- 
scaler ICs. plifier starts saturating, the 

I will not go into great de- harmonics increase in am- 

tail on the operation of the plitude relative to the fun- 

two main ICs; the applica- damental. This confused the 

tion notes have all of the prescaler and resulted in er- 

necessary information. This roneous readings. Accord- 
counter will accurately mea- ing to the data sheet, the 
sure frequencies from 500 prescaler is most sensitive 
kHz to over 600 MHz. 


PC board, component-side view. 

with a 225-400-mV p-p signal Prescaler 
applied to the input The The 11C90 is a high-speed 
diodes on the input merely prescaler designed for com- 
protect the amplifier since munication and instrumen- 
the diodes won't start limit- tation applications. The pre- 
ing until a 500-mV p-p signal scaler can be programmed 
is applied. This signal level to divide by 10 or 11. The 
would result in presenting a 11C90 is hard-wired in the 
minimum of 1-V p-p signal divide-by-10 mode. The 
to the prescaler. This would prescaler has both ECL and 
limit the prescaler to only TTL outputs, but only the 
450 MHz. TTL output is used in this ap- 


Operation 

The frequency counter 
circuitry consists of three 
main sections. The first sec¬ 
tion consists of a wideband 
commercial-grade amplifier. 
The second section consists 
of two counters to prescale 
the signal down to a usable 
frequency since the Intersil 
maximum operating fre¬ 
quency is about 10 MHz. 
The third section is the Inter¬ 
sil counter which counts 
pulses for a specified gate 
time and then displays the 
frequency. 

Preamplifier 

The wideband amplifier 
has a flat frequency re¬ 
sponse up to 450 MHz and 
gradually starts rolling off as 
the frequency increases. The 
MWA130 has a gain of ap¬ 
proximately 14 dB from 0 to 
450 MHz and gradually 
drops down to 11 dB of gain 
at 600 MHz. 

The high-power amplifier 
was chosen over the low- 
power version (MWA110) 
since the amplifier starts sat- 



Fig. 2. Frequency counter schematic. 
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Fig. 3. PC board. 


plication. According to the 
data sheet, this 1C has the 
widest operating range, with 
a 225-400-mV p-p input sig¬ 
nal level (see Fig. 1). 

The prescaled output tog¬ 


gles a TTL decade counter; 
the output of the decade 
counter is now If!00 of the 
original signal and is count¬ 
ed by the Intersil frequency 
counter. 


Frequency Counter 

The frequency counter 
has an internal time-base os¬ 
cillator which uses an exter¬ 
nal crystal. A 10,000-MHz 
crystal was chosen for this 


application. There are a few 
discrete external compo¬ 
nents which tap the signals 
necessary for determining 
the counter's mode of oper¬ 
ation. The counter has four 
possible gate times, but only 
the .1-second gate time is 
used, for simplicity. A 1-sec¬ 
ond gate time will increase 
the counter's resolution to 
100 Hz, but will update the 
display at a much slower 
rate—which can be annoy¬ 
ing if you are looking for 
rapid changes in frequency. 

Construction 

I laid out a printed circuit 
board for the circuitry and 
used the wire-wrap tech¬ 
nique for wiring the dis¬ 
plays. The point-to-point 
wiring method will work just 
as well for the displays. A 
wire list is included for wir¬ 
ing the two Litronix red 
multi-digit reflector arrays 
These displays are very inex¬ 
pensive, but almost any 
common-cathode, seven-seg¬ 
ment displays can be used 
instead. The prescaler must 
be soldered directly onto 
the PC board, but DIP sock¬ 
ets can be used for the 
remaining DIP ICs The 
builder should use the as¬ 
sembly drawing as a guide 
for installing the parts, and 
the parts list for determining 
the component values 



Parts List 


U1 

ICM7216D—Intersil (common cathode) 1 - 2 

$20.95 

U2 

74196 

.80 

U3 

11C90—Fairchiid '- 4 

16.95 

U4 

MWA130—Motorola 'A 4 

8.25 

U5 

LM7805 

.99 

DS1 

DL-4509—Litronix (common cathode) 2 - 4 

2.99 

DS2 

DL-4509—Litronix 

2.99 

Y1 

10.0-MHz crystal 

3.00 

CR1-3 

1N914 diode 

10/.99 

LI 

100-uH-500-uH molded coil, Vi Watt 

1.35 

Resistors (V* Watt, 5 

% unless otherwise specified) 

,07 

R1,R2 

10,000 Ohms 


R3,R4 

1,000,000 Ohms 


R5 

110,000 Ohms 


R6.R7, 

1,000 Ohms 


R9 

120 Ohms 


RIO 

4700 Ohms 


Capacitors 

Cl 

1 uF, 50 volts, electrolytic 

.15 

C2,C3 

39 pF, mica 

.28 

C4 

10 uF, 50 volts, electrolytic 

.15 

C5,C6,C8-C11 ,C13 

.1 uF, ceramic disc 

10/1.25 

C7.C12 

1000 pF, ceramic disc or mylar™ 

.12 

Miscellaneous: PC board, 28-pin. wire-wrap 1C socket, 14-pin low-profile 1C socket, 
case, BNC connector, miniature phone jack, TO-220 heat sink, 8-digit bezel, wire. 

solder, etc. 



1 Circuit Specialists Co., Box 3047, Scottsdale AZ 85257. 

2 Jameco Electronics, 1355 Shoreway Rd., Belmont CA 94002. 

3 MHz Electronics, 2111 W. Camelback Rd., Phoenix AZ 85015. 

4 Semiconductor Surplus, 2822 N. 32nd St., Phoenix AZ 85008. 
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HEATSINK 



IS I IS 

Fig. 4. Component layout. 


C9 


Checkout 

This project requires a 
+ 5-V-dc supply. A voltage 
regulator is supplied, so a dc 


charger (Radio Shack) can 
be used for power. When us¬ 
ing the voltage regulator, 
the supply voltage can be 
anywhere between 7.5 and 


20 volts but must be able to 
supply 200 mA of current. 
The display will light up as 
soon as power is supplied. 
Apply a signal to the input 


and the display will count 
the input frequency. You 
will be surprised at the ex¬ 
cellent performance of the 
counter ■ 


JSfEW BARKER & WILLIAMSON I 


1.8-30 MHz. Continuous Coverage Antenna 
for Commercial and Amateur Service 



Model AC 1.8 - 30 

The AC 1,8 - 30 Antenna uses only 
80 feet horizontally, and, when 
space is limited, can be short¬ 
ened even further with only 
slight loss of radiation 
efficiency. 

Patent Pending 


SWR Maximum 2:1. 1.4:1 Average 
Handles 1 KW input ICAS 
• Can be installed in approximately 
80 feet of space 

Higher power models available 
(contact factory) 


149 5 


BARKER A WILLIAMSON 

Quality Communication Products Since 1932 

At your Distributors write or call, 10 Canal Street. Bristol PA 19007 

(215) 788-5581 


ALL OUR PRODUCTS MADE IN USA 


sm 
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Evert Fruitman W7RXV 
2808 West Rancho Drive 
Phoenix AZ 85017 


Don't Grope in the Dark! 

Let a simple card-file box be the brains 
of your own emergency lighting system. 


B ecause a salesman's of automatic emergency 
business lunch was lighting, 
abruptly interrupted by a 

sudden power failure, a Today, it is common, 
well-known flashlight and even required in some 
battery manufacturing firm cases, to have a form of au- 
was founded. When the tomatic emergency lighting 
main lighting system failed, in hospitals, hotels, busi- 
everyone's attention was nesses, etc. Many homes 
drawn to the restaurant's are so equipped as a matter 
novel flower planters; they of convenience, 
contained a crude flash¬ 
light. Perhaps this is one of Although sophisticated 
the earliest recorded uses commercial systems are 



Parts placement. The four diodes at the relay form a bridge, 
allowing use of a 6-volt relay and a cheap ac low-voltage 
game module. The diode near the top of the box ensures 
proper polarity of the recharging current. 
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available which include re- Regardless of which sys- 
chargeable batteries, trick- tern you put into your home, 
le chargers, test buttons, ham shack, or cabin, the ba- 
and power-on indicators, it sic operation is quite simple, 
is practical to make a sim- When the power fails, the 
pie but very effective sys- normally-closed contacts of 
tern mostly out of junk-box a 115-volt relay complete 
parts. The system need not the circuit between the bat- 
be any more complicated teries and light bulb. The 
than a flashlight lamp, two bulb automatically turns off 
dry cells, a relay, and a and the batteries start re¬ 
snap-in battery holder. Two charging (if it is that type of 
alkaline cells, if the TV ads system) when the power is 
are believable, should still restored, 
give plenty of light even af¬ 
ter two years of intermit- Gel cells take a float 
tent use, although an annu- charge quite well, and for 
al check/change might be in that reason are found in 
order. many commercial emergen- 



The parts needed for the project. 




Fig. 1. Schematic of the emergency-lighting project. 



Fig. 2. A variation of the project. 


cy-lighting systems. Nicads, on the side of the box go to 
on the other hand, don't like an external charger for the 
float charging and should be two nicads. As the diagram 
completely run down before in Fig. 1 shows, a diode is se- 
being recharged. ries-connected with one of 

A 4" x 6" card-file box the terminals to prevent ac- 
holds the few parts I used, cidental discharge or re- 
The on/off switch disables verse charge. The relay con- 
the system when it is pur- tacts could be connected to 
posely removed from the a lantern through a minia- 
power mains. The terminals ture plug and a closed-cir- 



7he finished project in action. 


cuit jack if you don't wish to former and a low-voltage re¬ 
construct a flashlight. The lay in it, or a diode and a se- 

relay isolates the 115-volt ries-voltage-dropping resistor 

lines from the low-voltage can make a dc relay work, 

lighting circuit There are many possible 

Fig. 2 shows a variation variations of the basic ca¬ 
using a low-voltage relay cuit; this should give you a 

with suitable transformer good starting point, 

and provisions for recharg- The gentle pitter-pat of a 
ing batteries. Don't give up summer rain shower and ac- 
for lack of a 115-volt relay, companying sharp lightning 
Perhaps the spare-parts box bolt doesn't have to leave 
has an old door bell trans- you in the dark again!! 


COMPLETE READY-TO-USE SYSTEMS 


ATV TRANSMITTER/CONVERTER 


~K 


ATV DOWNCONVERTER 


f"i 


MODULES 




Let P.C. put you on the air and SAVE! 

All four modules — 

Complete System price $246.00 

SAVE $8.00 over price if purchased individually 


See You at Dayton. (818) 4474565 @ m 

P.C. ELECTRONICS 2522 Paxson Lane 
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Here's how a hand-held makes for 
some ultralight Michigan madness. 


irticles in the 
press seem to 


providing communications 
for the opening of a new 


The author intently strapping into the flying harness prior to 
donning stopwatch, camera, and hand-held. Some of the 
wire bracing that rigidities the aircraft structure is clearly 
visible. The 15-hp engine is mounted below the wing and 
drives the prop (located behind the wing) through a belt re¬ 
duction system. 



A 2-meter quarter-wave whip anchored to the forward end of 
the fuselage provides increased range over a rubber duckie 
partially shielded by the tubular frame of the aircraft. 
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Don Chubb, my partner in ultralight madness, lifts off in 
light ground fog for an early morning flight. The pilot's 
weight is shifted to the rear for takeoff and climb, achieved 
by simply keeping his legs straight when his ieet are resting 
on the foot bar up by the nose wheel. Movement forward 
will pitch the nose down while movements from side to side 
will turn the aircraft in the direction of movement. Pitch 
control is achieved entirely by weight shift. The side to side 
movements of the pilot induce the required bank for a turn 
with the rudder coupled to the harness. Although such a 
control system sounds strange to a pilot used to the conven¬ 
tional control stick and rudder pedals, it actually feels quite 
natural and can be learned in a fraction of the time required 
for conventional flight training. 


sewage plant to linking 
voice-controlled repeaters 
with blue light. In a sense 
this is an FM article, but it is 
a bit off the beaten track in 
that it describes a new use 
for those ever-present two- 
meter hand-helds that seem 
to be sprouting up like 
mushrooms on the ad pages 
of all the magazines. 

The subject at hand is the 
marriage of good old VHF 
and UFIF FM with what is 
perhaps the neatest inven¬ 
tion since 20 meters —the 
ultralight aircraft. It is an 
application where your FM 
bands may provide one of 
the few viable options for 
good communications 
(more on that later), but for 
the moment, if you have a 
slightly adventurous spirit, 
hang in there and let me in¬ 
troduce you to ultralights 
prior to lamenting their 
communications problem 

First of all, what is an ul¬ 
tralight? The easiest answer 
is that it is a minimal air¬ 


craft—a simple flying ma¬ 
chine of aluminum tubing, 
dacron™, and a small 
engine—that can introduce 
you to the thrill of flying 
with a minimum of fuss, 
low cost, and, although it 
might seem difficult to 
believe, safety. Almost 
everyone has dreamed of 
flying at one time or 
another and radio ama¬ 
teurs are at least as prone 
to the syndrome as anyone 
else —perhaps more so. The 
next time an air mobile 
calls on 52, just listen to the 
pileup! The response is due 
in no small part to the 
vicarious participation it 
provides. 

In the days of the Wrights 
and pioneers such as Glen 
Curtis, the aircraft were 
constructed of wood, fab¬ 
ric, and wire, and although 
the activity was far from 
safe, it was thrilling enough 
to galvanize a world into 
the age of flight. Today fly¬ 


After taking off and making a 7 80° turn, the author swings 
back over the farmyard while climbing to cruise altitude. 
Although our Quicksilver has a service ceiling of 9000 feet, 
most flying is done between 500 and 7 500 feet —high 
enough for safety yet low enough to avoid most other air 
traffic while still maintaining a good view of the country¬ 
side. Wind is the greatest enemy of the ultralight flier and 
most flying is done with wind speeds of 5 mph and below 
—primarily early morning and early evening. I have built a 
couple of fancy anemometers to keep track of wind speed, 
but the leaves of this old tree still provide the most reliable 
indication of flying conditions. 


ing is taken for granted — 
the thrill is still there and it 
is certainly safe, but just as 
certainly it is no longer ei¬ 
ther simple or economical 
Of course it really can't be 
simple with air lanes criss¬ 
crossing the sky stacked all 
the way to the stratosphere 
and the requirement of 
maintaining the safety of 
those in the air and on the 
ground. Nonetheless, it is 
hard to avoid nostalgia for 
the early days when frail 
aircraft lifted out of cow 
pastures, thrilling pilot and 
spectators alike. 

In a sense, ultralight air¬ 
craft can provide a return 
to the best of these rose-col¬ 
ored visions. Ultralights 
trace their evolution to the 
hang-gliding movements of 
the early and middle 60s 
when intrepid souls, long¬ 
ing to fly on a budget, 
launched down hills and 
sand dunes on (or more pre¬ 
cisely beneath) rogallos, 
monoplanes, and biplanes 
constructed of bamboo and 
plastic sheeting. That sport 


blossomed with the aircraft 
rapidly evolving to sophisti¬ 
cated aerodynamic forms 
constructed of aircraft 
aluminum and dacron. To¬ 
day the sport is dominated 
by launches from cliffs and 
mountains in search of the 
lift to provide flights to ex¬ 
treme altitude or long dis¬ 
tances cross-country. Inter¬ 
nal regulation permitted 
hang gliding to develop into 
a generally sane activity 
and I have followed its de¬ 
velopment for several 
years 

Unfortunately, Michigan 
has no mountains and even 
if we had spectacular cliffs 
and sea breezes, I really 
couldn't see myself step¬ 
ping off into the void! Ap¬ 
parently other flatlanders 
had the same problems, but 
their response was differ¬ 
ent. Instead of sighing and 
putting away the maga¬ 
zines, they responded by at¬ 
taching engines and wheels 
to reliable hang-glider de¬ 
signs and ultralights were 
born! The result has been a 
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Our rural "aerodrome" photographed from an altitude of 
400-500 feet. Not a bad antenna location. Although the 
gain of the array may not be spectacular, it's hard to com¬ 
plain about the line losses. The reliable communications 
range is quite fantastic and if the link is marginal, you simply 
climb a little higher. 


surge of reliable, simple air¬ 
craft that will fly out of 
your local pasture. Aircraft- 
grade aluminum tubing and 
hardware, stabilized da¬ 
cron, and light and power¬ 
ful two-cycle engines 
replace the hardware of 
yesteryear while sophisti¬ 
cated application of low- 
speed aerodynamic princi¬ 
ples replaces the "wonder if 
this will fly" approach of 
the early days. The simplici¬ 
ty and thrill remain, 

At present, regulation is 
minimal (no pilot certifi¬ 
cate or aircraft registration 
required) if the design 
meets two criteria —it must 
carry only one person and it 
must be capable of being 
launched and landed on 
foot. Note that I said capa¬ 
ble. If the ultralight is a 
commercial product, the 
manufacturer will provide 
evidence of foot-launch 
and -landing capability and 
you can stick to your 
wheels However, if you de¬ 
signed the bird or modified 
it and you should encoun¬ 
ter an FAA inspector, ex¬ 
pect to demonstrate it your¬ 
self. If you fail to do so, you 
will be advised to get a stu¬ 
dent pilot's certificate and 
register the aircraft. Stricter 
regulation is on the hori¬ 
zon, but it will probably be 
modest with an aim toward 
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maintaining safety while 
preserving a category for 
simple recreational aircraft. 
Present limitations will 
probably be retained with 
the addition of standards 
for maximum aircraft 
weight, flight training stan¬ 
dards, and assurance of fa¬ 
miliarity with the Federal 
Aviation Regulations (FARs). 

Ultralights come in a be¬ 
wildering array of designs, 
most running between 
$3000 and $4500 in price. 
Most ultralights are deliv¬ 
ered in the form of a collec¬ 
tion of aircraft hardware, 
pre-drilled and -formed 
aluminum tubing, and pre¬ 
sewn fabric with assembly 
time varying from 10 to 30 
hours. 

The key to safety is to 
stick with those manufac¬ 
turers who insist that you 
buy from a dealer who will 
inspect your work before 
you fly it The Quicksilver, 
owned by my partner Don 
Chubb and me, is a good ex¬ 
ample of this policy. Manu¬ 
factured by Eipper For- 
mance of San Marcos CA, it 
must be purchased through 
a dealer who will provide 
any advice you require dur¬ 
ing assembly (about 20 
hours). The dealer will with¬ 
hold certain vital items— 
such as the prop—pending 
dealer inspection of your 


machine and will test-fly it 
once assembly is complete. 
You cannot take full posses¬ 
sion of your flying machine 
until you have completed 
the dealer flight training 
course which involves 
about 5 hours of instruc¬ 
tion. One or two hours will 
get you to your solo while 
the rest is devoted to devel¬ 
oping proficiency. 

The plane itself is very 
simple to fly and after the 
first few minutes of your 
solo you will ease out of the 
shaking-knees-and-white- 
knuckle phase and really re¬ 
lax and enjoy the experi¬ 
ence The key to safe ultra¬ 
light flight is rigorous pre¬ 
flight checks on the ma¬ 
chine and careful attention 
to the wind. The latter is an 
important factor given the 
light weight of the machine. 
Our Quicksilver has a 
32-foot span and 160 square 
feet of wing area^yet weighs 
only 155 pounds. With a pi¬ 
lot weight of 190 pounds, 
that is quite a bit of wing for 
relatively little weight. 
Most training is conducted 
under calm conditions. Air 
currents of 5-10 mph are 
considered windy and gusty 
conditions are avoided 
completely. 

The thrill of flying cannot 
really be described. To real¬ 
ly understand it. you have 
to experience the world 
opening up as you rise 
above the tree line at the 
start of your own private 
dawn patrol over the rural 
countryside. Suffice it to 
say that I spent a good bit 
of the summer flying every 
minute I could with nary a 
thought to the old radio 
shack! 

Once I had become im¬ 
mersed in the ultralight ex¬ 
perience, however. I did be¬ 
gin to realize that commu¬ 
nications between the pilot 
and the ground could be of 
real value. Take training as 
one example. Needless to 
say, there is no such thing as 
dual instruction in a single¬ 
seat ultralight. The instruc¬ 
tor stands on the sidelines 
to discuss your progress 


and problems as you learn 
proper ground handling, 
transition to crow hops 
(short hops into the air 
down the runway), and fi¬ 
nally the solo flight. 

Ultralights fly very slow¬ 
ly (typically 20-35 miles/ 
hour) and are constructed 
of tough materials so you 
are not likely to hurt your¬ 
self in training. However, it 
is possible to bend some 
tubing that will cost $$$ to 
replace. Most of the stu¬ 
dent problems leading to 
bent tubing and a confi¬ 
dence crisis could easily be 
avoided if the instructor 
could speak to the student 
during his gyrations instead 
of afterward. Sounds like a 
job for radio. Ditto once 
you are flying regularly 
Wind conditions can 
change, for example, while 
a flight is in progress. It 
would be nice if the individ¬ 
ual waiting patiently (?) on 
the ground for his turn 
could talk with the flier 
about such weighty mat¬ 
ters—not to mention the in¬ 
evitable "You've been up 
for 40 minutes, the sun is 
going down, and I want my 
turn!" 

Cross-country flights 
have their own attraction; 
although you will not go 
particularly far cruising at 
30-35 mph, flights of up to 
30 miles are quite practical. 
We usually run a chase car 
for such ventures, but the 
car has to follow the roads 
and is often detoured to 
pick up gas for the return 
flight or to get the family 
outdoors to watch Daddy 
fly over. Given these reali¬ 
ties, a communications link 
would be quite useful in 
keeping track of where the 
aircraft is located, notifying 
if the flight route has been 
changed, or, heaven forbid, 
if you have had to put down 
somewhere out in the 
boonies with a problem. 

Most ultralights are 
flown without instruments 
since they really aren't 
needed for this kind of fly¬ 
ing. If you do carry up an al¬ 
timeter or air-speed indica- 





The author photographed during a landing approach. Land¬ 
ings are typically made at low throttle with pilot weight 
shifted well forward to keep the nose down and the air¬ 
speed up. Note the bent knees to achieve this attitude. 


tor, it is usually out of a 
sense of curiosity rather 
than necessity. Radios, 
however, would be nice. 
The question is, what kind 
of a radio. It is here that the 
unique nature of ultralights 
presents a problem. Most 
are powered by two-cycle 
engines and the pilot envi¬ 
ronment is noisy, to put it 
very mildly. The noise is 
both acoustic and electri¬ 
cal. The former is taken 
care of by ear plugs de¬ 
signed to deaden impulse- 
type sound waves, but the 
electrical dimension is pure 
poison for an operating ra¬ 
dio system. The electrical 
noise level varies with the 
engine in use but typically 
is moderate to quite high. 

When an ultralight pilot 
or instructor first thinks 
about radios, the first step 
is usually a CB hand-held. 
Such units lack internal 
noise limiters and have 
poor squelch action and 
cumbersome antenna sys¬ 
tems. The newer "rubber 
duckies" for 27 MHz have 
eased the size problem 
somewhat, but they are 
poor performers at such a 
low frequency. Even with a 
5-Watt ground-based unit, 
the end result is a radio sys¬ 
tem that is so noisy and un¬ 
reliable that it hardly pays 
to take it up! 

Very compact transceiv¬ 
ers (even synthesized hand¬ 
helds) are now available for 
aircraft service (108-136 
MHz), but these are AM and 
have many of the same op¬ 
erational limitations as CB 
units. They also tend to be 
very expensive. But what 
about FM? FM would solve 
the electrical noise prob¬ 
lem to a large extent and is 
characterized by effective 
squelch action as well. 
Since I already had a syn¬ 
thesized mobile rig for two 
meters, this was a logical 
place to start. Off to look at 
hand-helds! 

I am definitely not a two- 
meter freak, so the rig for 
the plane did not have to be 
microprocessor-equipped 
— I was not, after all, going 


to figure my income tax 
while aloft. I started to 
scrounge for an old-fash¬ 
ioned crystal-controlled 
hand-held since these are 
now considered pass£ in the 
better FM circles. A close¬ 
out deal of a Pace Commu¬ 
nicator MX, complete with 
rubber duckie, nicads, and 
charger, seemed the best 
bet, so off went a phone 
order to AES in Milwaukee 
and I had the unit a few 
days later. A quick check 
with the wattmeter in¬ 
dicated that my 1-Watt 
transceiver was putting out 
700 mW in the high power 
mode and about 200 mW in 
low. What the heck, this did 
not seem to be an applica¬ 
tion requiring excessive 
power and the batteries 
would last longer. A camera 
strap was clipped to the 
securing ring on the hand¬ 
held; it went over my shoul¬ 
der and I headed for the 
wild blue yonder. 

The results of the first 
test were mixed. On the 
plus side it soon became 
obvious that even 200 mW 
was sufficient for solid 
communications to the 
ground mobile, with alti¬ 
tude more than compensat¬ 
ing for the inefficiencies of 
that rubber excuse for an 
antenna. Although the 
noise of the engine was def- 
initely modulating the 
downlink signal, the voice 
audio had no trouble riding 
over it with adequate intel¬ 
ligibility. Reception up¬ 
stairs was another matter, 
however. Between the en¬ 
gine noise and the ear 
plugs, there was no way 
that that little speaker was 
going to be heard. 

That evening was spent 
on the bench adding an ear¬ 
phone jack. The next morn¬ 
ing, complete with an ear¬ 
phone, we had a working 
communications system. 
My partner was impressed 
enough by the tests that he 
is hitting the code tapes and 
books to join the party. Re¬ 
finements now under way 
include a padded clamp- 
rack for the radio, a quarter- 


wave whip mounted above 
the wing, and a "radio hel¬ 
met" with a pair of built-in 
padded phones and a boom 
mike. Included will be a 
remote PTT switch on the 
control bar to minimize the 
one-handed flying. 

Although the system was 
put together for utility com¬ 
munications, it soon be¬ 
came obvious that it had 
great potential for recrea¬ 
tional hamming. Take my 
word for it: If you give a call 
on 52 from 1500 feet, you 
will get answered. It's really 
fun when the crowd discov¬ 
ers what you are flying and 
starts preparing the com¬ 
mitment papers while you 
are still aloft. The crystal 
complement includes 52 
for general hamming, an 
out of the way frequency 
for utility communications 
(never mind where), and a 
couple of wide-coverage re¬ 
peaters for the day I have to 
set down in someone's back 
40 and call in the cavalry. 

Obviously, if you are an 
amateur interested in ultra¬ 
lights, you have the com¬ 
munications problem half 
licked. Although all tests to 
date have been on two, 50, 
220, and 440 MHz would be 
equally useful although low¬ 
er-band occupancy might 
reduce the recreational 
potential. 


A real interesting feature 
is the potential for recruit¬ 
ing ultralight types to ham 
radio. Most tend to be high¬ 
ly interesting people and 
we certainly can't complain 
if we snag a few of those to 
swell our ranks. Most fliers 
would like reliable radio 
systems and amateur radio 
can provide just that with a 
little study An instructor 
with a ham ticket need only 
equip students with a pock¬ 
et scanner to be able to pro¬ 
vide those much-needed in¬ 
structions at panic time. The 
advantages are obvious and 
the canny amateur will work 
a deal exchanging code and 
theory tutoring for flight in¬ 
struction. 

One of the things that 
keeps our hobby healthy is 
the constant search for new 
modes as well as new appli¬ 
cations for existing technol¬ 
ogy. There will certainly be 
lots of ultralight fliers out 
there—the industry deliv¬ 
ered only a few thousand 
units in 1980, but '81 sales 
soared quite a ways past 
10,000 and most people 
are still unaware of their 
existence. Who knows, air 
mobiles might become 
quite common. As for me, 
try 52 and please excuse the 
background noise —I only 
worry when it stops! I 
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Sam Cteason KbtW 
2940 Arlington Avenue 
Fullerton CA 92635 


Creason's Do-lt DVM 

The more Sam builds , the more smart people pay attention. 


O ne of the handier 
pieces of test equip¬ 
ment for someone who ex¬ 
periments with solid-state 
analog and digital equip¬ 
ment is a hand-held DVM. I 
recently needed such a de¬ 
vice to measure dc and rf 
voltages. Since I had no 
need for either ac or Ohms 
scales, I chose to save a few 
dollars by building my own. 
A schematic of the result is 
shown in Fig. 1. 

The heart of the DVM is 
an Intersil ICL7106 3-1/2- 
digit single-chip analog-to- 


digital converter (ADC) with 
on-board liquid-crystal-dis¬ 
play (LCD) drivers. Powered 
by a 9-volt battery in the 
manufacturer's recommend¬ 
ed circuit, it provides a basic 
0.1999-volt full-scale DVM. 
Additional components ex¬ 
pand the voltage measure¬ 
ment capability and drive 
the decimal points of the 
LCD. 

The components which 
are grouped at the upper 
left of the 7106 (pins 27-29, 
38-40) support internal 
functions: an oscillator, ref¬ 


erence generator, auto-zero 
circuit, and integrator. The 
interested reader should 
consult a data sheet on the 
7106 to learn more about its 
internal workings. 

The components which 
are grouped at the lower left 
of the 7106 (pins 1, 26, 
30-32, 35, and 36) provide 
power, a reference voltage, 
and the means to connect 
the voltage to be measured. 
Switched 9-volt power is ap¬ 
plied between V+ and V — . 
The 22k fixed resistor and Ik 
trimpot which are con¬ 


nected from V + to REF LO 
generate a reference volt¬ 
age for the converter. The 
reference is stable because 
REF LO and COMMON are 
tied together, and COM¬ 
MON is internally clamped 
at about 2.8 volts below 
V -F. The voltage to be mea¬ 
sured (0.1999 volts maxi¬ 
mum) is applied between IN 
HI and IN LO (the latter and 
COMMON are tied to¬ 
gether). A1-megohm resistor 
limits the current which can 
flow in response to an over¬ 
voltage Together, the 1-meg¬ 
ohm resistor and a 0.01-uF 
capacitor form a simple 
low-pass filter. Taps on the 
10-megohm resistive ladder 
between +IN and — IN pro¬ 
vide 1,999-volt, 19,99-volt, 
and 199.9-volt ranges, se¬ 
lected by switch SI a. 

With the exception of pin 
37, the remaining pins on the 
7106 drive the LCD directly. 
Unlike an LED display, an 
LCD must be driven by ac 
waveforms. A dc drive volt¬ 
age will bum out an LCD in a 
matter of minutes. The 7106 
applies a 60-Hz 5-volt peak- 
to-peak square wave to the 
backplane of the LCD. As 
long as the same waveform 



Fig 2. Schematic of the rf 
probe. 



Fig. 1. Schematic of the DVM. LCD segment-driver pins on the 7106 are shown along with the 
designations of the segments which they drive. No pinouts are shown for the LCD, since they 
vary from device to device. Undesignated resistors are 54-Watt, 5% tolerance. R5 is a 10%- 
tolerance trimmer. R6 through R10 are 'A-Watt, 1 % tolerance. R6 is a 90.9k and nine 1M resis¬ 
tors in series. R10 is a Ik and a 10-Ohm resistor in series. Undesignated capacitors are 
mylar™. Cl is mica. All capacitors are 10% tolerance, 100-volt. 
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Photo A. Internal construction of the DVM. 


Photo B. Some construction details of the rf probe. 


is applied to a segment of 
the LCD, that segment is off, 
A segment is on when the 
waveform applied to it is in¬ 
verted with respect to the 
waveform applied to the 
backplane. The 7106 has in¬ 
ternal drivers which ac¬ 
complish the inversion for 
the minus sign and each 
segment of each of the four 
digits. 

The circuit which consists 
of the CD4030 quad exclu¬ 
sive OR gate, SI b, and six re¬ 
sistors is needed in order to 
drive the decimal points. 
One input of each of the 
three active EOR gates is 
connected to the backplane 
drive signal. Depending 
upon the setting of SI b, the 
second inputs of two of the 
active EOR gates are pulled 
low by 47k resistors tied to 
ground (pin 37, TEST, is digi¬ 
tal ground). These two gates 
pass the backplane drive sig¬ 
nal unchanged, and the cor¬ 
responding decimal points 
are off. The second input of 
the remaining active EOR 
gate is pulled high via Sib 
and a Ik resistor tied to V +. 
This gate inverts the back¬ 
plane drive signal, and the 
corresponding decimal point 
is on. 

With the possible excep¬ 
tion of the LCD, all parts for 
the DVM are available from 
the usual mail-order houses. 
Also available is an evalua¬ 
tion kit which contains a 
7106, an LCD, the passive 
components to build the 


bare-bones 0.1999-volt full- 
scale DVM, and a printed 
circuit board. The compo¬ 
nents for the input-voltage 
divider and decimal-point 
circuit and the rotary switch 
and toggle switch must be 
obtained separately. I used 
a kit for the convenience of 
the PC board. However, buy¬ 
ing the individual compo¬ 
nents and assembling them 
on a piece of perfboard will 
cut the cost significantly. 

Photo A shows the inter¬ 
nal construction of the 
DVM. About Vi' of the PC 
board which is supplied in 
the evaluation kit is cut 
away. The cut is made at the 
upper edge of the pads 
which accommodate the in¬ 
put jacks. A 1" strip is then 
cut from the bottom of what 
remains of the PC board and 
reconnected at an angle of 
90 degrees. Lengths of no. 20 
wire restore the connections 
and provide mechanical 
support for the strip. 

All capacitors except the 


mica device are mounted on 
the rear of the board A 
piece of perfboard contain¬ 
ing the resistive ladder for 
the input circuit and the 
decimal-point driver circuit 
is mounted 1/4" behind the 
PC board, on fiber spacers. 
The PC board is mounted 
3/8" behind the front panel 
by means of additional fiber 
spacers. The entire assembly 
is held together by 6-32 
hardware. The enclosure 
measures 6-1/4" long by 
3-3/4" wide by 2" deep and is 
of unknown brand. A simi¬ 
lar-size mini-box would be a 
suitable substitute. If a 
larger enclosure is accept¬ 
able, the PC board may be 
left intact. 

Fig. 2 is a schematic of the 
rf probe, which consists of a 
resistor, two diodes in series, 
and a disc-ceramic capaci¬ 
tor. The measured value of 
an rf waveform corresponds 
well to the value indicated 
on the DVM when a 100k 
resistor is used. A 4.7-meg¬ 



Parts List for Rf Probe 


Part 

Value 

Part number 

Cost 

Cl 

0.01 uF, 50 volt 

DC.01/50(J) 

.08 

01, 02 

1N34A 

276-1123(R) 

.10 

J1 


274-346(R) 

.45 

Alligator clip 


270-378(R) 

.13 

Heat-shrink tubing 


278-1627(R) 

.50 

Phone tip 


274-723(R) 

.50 

Copper tubing (local hardware store) 


50 


Parts List for Dc Probe 


Part 


Part number 

Cost 

Coiled test leads 


278-750(R) 

3.99 


ohm resistor might seem the 
correct choice, given the 
10-megohm input imped¬ 
ance of the DVM. However, 
the ADC is an integrating de¬ 
vice which will directly give 
the rms value of the recti¬ 
fied waveform. Two diodes 
are used in series to allow 
measuring rf voltages as 
high as 30-40 volts. 

Photo B shows some con¬ 
struction details of the rf 
probe. The capacitor is just 
behind the body of the probe 
tip, a Radio Shack 274-723 
solderless probe tip which is 
cut to 1-3/4" overall. The 
component assembly mea¬ 
sures 4" from the center of 
the large portion of the 
phono plug to the opposite 
end of the probe tip. The 
shield for the probe is a 4" 
length of 3/8"-i.d. copper 
tubing. The lead from the 
ground clip is soldered into 
a notch at the end of the 
tubing. Taping a 1" "U" into 

Vendors For Parts 
For part numbers marked (R): 

Radio Shack—local 
For part numbers marked (J): 
Jameco Electronics 
1355 Shoreway Road 
Belmont CA 94002 
(Minimum order $10.00) 

For part numbers marked (E): 
Electronic Supply Co. 

2486 3rd Street 
Riverside CA 92507 
(minimum order $5.00) 
or 

Digi-Key Corp. 

PO Box 677 

Thief River Falls MN 56701 
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Substitutes for Part* in Evaluation KH 


Part 

Value 

Part number 

Coat 

R1 

100k 

271-1347(R) 

.06 

R2 

47k 

271-1342(R) 

.06 

R3 

27k 

271-1340(R) 

.06 

R4 

1 meg 

271-1356(R) 

.06 

R5 

Invariable 

43P-1 K(J) 

1.19 

Cl 

100 pF 

DM15-101J(J) 

.35 

C2 

0.1 

MY.1/100(J) 

27 

C3 

0.47 

MY.47/100(J) 

.45 

C4 

022 

MY22/100(J) 

.33 

C5 

0.01 

MY.01/100(J) 

.12 

Perfboard 


84P44WE(J) 

2.95 

A/D converter/drtver 


ICL7106CPL(J) 

9.95 

Banana jacks (2j 


274-725(R) 

.69 

Battery holder 


270-326(R) 

20 

40-pln DIP sockets 


-<J) 

.49 

3’A-digit LCD 




Unless otherwise shown, resistors are Vi W, 5%, 

carbon. 

100-pF capacitor Is dipped mica; others are mylar™, 100 V, with 

values In microfarads. Cut one 40-pln socket In half, lengthwise, 

to accommodate width of display. Evaluation kit 7106EV/KH 

1 may be obtained from Jameco Electronics for $34.95. 



Parte not In Evaluation KH 


Part 

Value 

Part number 

Cost 

R6 

9.09 meg 

1M(E) 

4.50 



90.9K(F|- 

,50 

R7 

909k 

909K(E) 

.50 

R8 

90.9k 

90.9K(E) 

.50 

R9 

9.09k 

9.09K(E) 

.50 

R10 

1.01k 

1K<E) 

.50 



10 Ohms (E)** 

.50 

R11-R13 

Ik 

271-1321(R) 

.06 

R14-R16 

47k 

271-1342(H) 

.06 

Battery connector 


-<J) 

.10 

Case 


270-627(R) 

239 

Battefy, 9-volt 


23-464(R) 

.59 

SI, 2-pole, 3-posltlon 


275-1386(R) 

1.19 

S2, SPST 


275612(R) 

1.69 

Knob 


274415<R) 

.40 

14-pln DIP socket 


-(J) 

.17 

Hookup wire, #22 stranded 

278-1307(R) 

219 

' 90.9k and nine 1M 

series; $4.50 Is cost of nine resistors. 

**1k and 10 Ohms In 

series. 



For R6 through R10, prefix part number with TRW/IRC-RN55D. | 


the lead avoids stressing the 
solder joint 

The first step in assem¬ 
bling the probe is to tape the 
exposed leads. Then the 
component assembly is 
slipped into the copper tub¬ 
ing so that the free lead 


from the 1N34A lies on the 
solder joint of the lead from 
the ground clip. The phono 
jack is soldered in two or 
three places. When the tub¬ 
ing has cooled, the free end 
of the diode is quickly 
soldered into the notch. 


Finally, a piece of heat- 
shrink tubing is used to 
cover the tubing. The cable 
for the probe consists of a 
piece of RG-174 coax with a 
phono plug at one end and a 
pair of banana plugs at the 
other. 


Once the DVM is built, 
calibration is simple. Select 
the appropriate range and 
connect a known dc-voltage 
source. Adjust R1 until the 
correct value is displayed. A 
new 1.5-volt battery is a con¬ 
venient source. ■ 


/VIIR/1GE 


Introducing the New 
B215 2 Meter 
Solid State Amplifier 
from 

Mirage Communications 



2 Watts In — 150 Watts Out 

$289.95 


• Built-In Rx Preamp 

• All Mode-SSB, CW, FM 

• Remote Keying 

• DC Power 13.6 VDC at 18 Amps 


• 5 Year Limited Warranty 

• Optional RC-1 Remote Control Available 

• Made in the U.SA 


Available at Mirage Dealers Worldwide 


/I/IIR/1GE 


P.O. Box 100Q, Morgan Hill, CA 95037 


(408) 847-1857 


28 73 Magazine • June, 1984 






Leon Fletcher N6 HYK 
274 Webster Drive 
Ben Lomond CA 95005 


Meeting Ends Make 

These ten tips will better your club. Are you friendly or frigid? 


R ecently, a ham I know 
moved to an area which 
has two ham clubs. "And 
they're both mighty big 
bombs!" he told me. 

I asked him what he 
meant. 

"I went by myself to the 
club meetings—they were 
on different nights, of 
course. When I arrived, at 
both clubs, there were about 
20 members already there, 
shooting the breeze in small 
groups. Man, were they un¬ 
friendly!" 

But of all the problems 
hams face, are unfriendly 
clubs worth worrying about? 

If you need statistics, the 
answer is that no one knows. 
While there are more than 
2,600 amateur-radio clubs in 
the United States, no one 
keeps score of just how 
many could be rated "un¬ 
friendly." 

But if you ask—as I 
have—a number of hams 
who move often or who 
travel frequently and visit 
local clubs, you, too, may be 
surprised at just how wide¬ 
spread the problem seems 
to be. 
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Ask, for example, hams 
who belong to such clubs 
as the Naval Postgraduate 
School Amateur Radio Club 
in Monterey, California Most 
of the members are service 
personnel who move to new 
duty stations every couple 
of years or so, joining new 
clubs across the country and 
abroad. Several members of 
the Monterey club have told 
me of their firsthand experi¬ 
ences about just how friend¬ 
ly or unfriendly some clubs 
are. 

Yet it's a problem that's 
hard to pinpoint. 

Many hams are reluctant— 
understandably— to name 
clubs or even cities in which 
they feel clubs are unfriend¬ 
ly. As one unhappy member 
put it "No use me mention¬ 
ing names and making them 
still more unfriendly!" 

Yet every example and 
quote in this report came 
from hams who have faced 
frigid receptions at various 
ham clubs. 

Another reason the prob¬ 
lem of unfriendly clubs is 
hard to pinpoint is that what 


makes a club seem unfriend¬ 
ly to one ham may lead an¬ 
other to consider that club 
as desirable. One newcomer 
told me, "When I went to 
my first meeting at this one 
club, no one even asked me 
if I wanted to join." But 
another ham said, "I don't 
like clubs which try to push 
you into joining the first 
time you come." 

Still, in spite of such con¬ 
flicting views and the lack 
of data on how many clubs 
could be rated "unfriendly," 
there are enough hams tell¬ 
ing horror stories about un¬ 
friendly clubs to suggest it 
might be wise for all ham 
clubs—and their members— 
to take a careful look at 
themselves, to make sure 
they do in fact make new¬ 
comers feel welcome. 

From listening to hams 
who belong to a variety of 
amateur-radio clubs in dif¬ 
ferent cities. I've identified 
ten tips on how to make and 
keep your club "neighbor¬ 
ly," to use the word of a 
young ham from Iowa I 
talked with recently. 

The first tip came from an 


experience told to me by a 
ham on the day after his first 
visit to a club. 

"I walked in at 7:25 pm, 
five minutes before the 
meeting was to start A cou¬ 
ple dozen members were al¬ 
ready there. A few of them 
were talking to someone 
next to them The rest were 
silent—just sitting there, not 
saying a word. Only a few 
glanced at me as I stood at 
the door, trying to figure out 
where to sit. No one invited 
me in. Not a one said any¬ 
thing to me or even gave me 
a nod." 

Tip #1: Ham dubs should 
designate two or so of their 
members to be greeters, to 
welcome newcomers. 

Greeters don't have to 
be —shouldn't be—formal. 
They don't have to stand at 
the door, wear neckties and 
jackets, have a set patter, es¬ 
cort newcomers during the 
entire meeting, or such. In¬ 
stead, greeters should sim¬ 
ply keep an eye on the club- 
room door as they mix with 
other members; when they 
see an unfamiliar face, they 



should go over immediately, 
introduce themselves, and 
initiate the usual ham talk. 
Such face-to-face meetings 
need not be much more 
structured than the usual 
on-the-air QSO. 

Once the greeter has 
learned a few of the special 
interests of the newcomer, 
he or she should introduce 
the guest to another mem¬ 
ber with similar interests. 
The point is, of course, to 
make sure first-time visitors 
are not left on their own to 
search out members with 
whom they may feel com¬ 
fortable. 

To prod my friend to tell 
me more about that club 
which ignored him as he 
walked in to its meeting, I 
asked, "So what did you do?" 

"There were just three 
empty chairs. They were all 
together, at the far end of 
the table. I walked down to 
them. No one asked me to 
sit or anything. I waited a 
few seconds and then sat 
down. The guy next to me 
gave me a glance and then 
went on with his small talk 
to the ham across the table." 

I prodded again: "Not 
very friendly, huh?" 

"After waiting what I 
thought was a proper length 
of time for a break in the 
chatter, I introduced myself 
to the two guys. One said 
'Hi,' gave me his call, and 
went on with his talk about 
the weather or something." 
Tip #2: All club members 
should be urged to talk 
with newcomers. 

This is so basic it's almost 
embarrassing to mention. 
But of course the problem is 
not that hams are socially 
unsophisticated, not know¬ 
ing that they should talk to 
others. Rather, many of us 
get so involved in our own 
discussions of hamming that 
we may ignore others. 

Hams, like many people 
everywhere, can benefit 
from increasing their sen¬ 
sitivity to the interests and 
needs of others, especially 
to newcomers. That will not 


only make recent arrivals 
feel welcome, but also it will 
help you feel better. As 
American humorist Philan¬ 
der Johnson wrote, "New 
friends leave the heart 
aglow." 

My friend's concern about 
unfriendly ham clubs sound¬ 
ed deep, so I urged him on: 
"Meet anyone later in the 
meeting?" 

"The meeting started out 
with the usual self-introduc¬ 
tions. You know, they went 
around the room, each ham 
giving his or her name and 
call. When it came my turn, 

I said just what the others 
had—my name and call — 
adding that I'd just moved 
into the area." 

"Did that spark any inter¬ 
est?" 

"Not a bit The self-intro¬ 
ductions continued." 

Tip #3: Make all introduc¬ 
tions worthwhile. 

Many clubs open meet¬ 
ings with self-introductions 
which are given quickly and 
briefly; many are muttered, 
some are embellished with 
bits of "in" humor, getting 
laughs from only a few. Such 
self-introductions become so 
routine they are close to 
meaningless. 

I asked several long-time 
members of various clubs, 
"What good are those intro¬ 
ductions?" Answers were 
limited. 

"Gets members partici¬ 
pating." (Saying just three or 
so words equals participa¬ 
tion?) 

"We get to know who's 
here." (To find that out, 
most members have already 
looked around long before 
the self-introductions.) 

"Lets everyone have a 
moment in the spotlight." 
(Hams, with all their distinc¬ 
tive skills and achievements, 
need that?) 

Introductions should not 
take much time of a meet¬ 
ing, but they should be valu¬ 
able. Members should be 
encouraged to speak slowly, 
clearly, and add a few words 
about their recent activities, 
interests, or such. Setting a 


limit is wise—the member¬ 
ship guide for one group 
states, "No more than 20 
words." 

One good technique for 
improving introductions was 
suggested by Gene Piety 
KH6PP, now living in Santa 
Cruz, California: 

Tip #4: Have a greeter in¬ 
troduce newcomers. 

Only a few words are 
needed: "Here's a ham new 
to our area, interested in 
home-brewed rigs. He's just 
moved here from (. . .). His 
name is (. . .); his call is 
(..)." 

An interesting technique 
to add friendliness to clubs 
was initiated by Bill Webb 
NK6H, of Monterey, Califor¬ 
nia. when he was president 
of his local ham club: 

Tip #5: At each club meet¬ 
ing, have one or two mem¬ 
bers give, say, a 5-minute 
autobiography, preferably 
with slides, artifacts, or 
such, detailing their shack 
and their interests beyond 
hamming. 

These, of course, should 
not be formal speeches. 
Brevity is the key. 

There is the problem that 
some members may be hesi¬ 
tant to give such talks. Per¬ 
haps they overlook the fact 
that when they're A3-ing, 
there may well be far more 
people listening than are at 
their club meetings. So start 
by asking those members 
who seem to like to get up 
and speak. Also ask frequent¬ 
ly for volunteers — that ap¬ 
parently shy one may well 
be masking a stimulating 
speaker! After a few mem¬ 
bers have presented them¬ 
selves, most of the others 
will usually want to take 
part, too. Certainly some 
may be strictly against get¬ 
ting up to give such talks, 
but there's no need to pres¬ 
sure them into participating. 

Another idea to help 
clubs welcome newcomers 
came from this story told by 
a ham in central Califor¬ 
nia—that's as close as he 
wanted to identify this club. 


"After my first meeting, 
when I got home, I realized I 
really hadn't learned much 
about the club. Sure, I heard 
the treasurer's report—they 
had several hundred dollars 
in the till. But since they 
didn't say what activities 
they're into, I couldn't tell if 
they had money or not. The 
president said the newslet¬ 
ter gave details about an up¬ 
coming field day, but I 
didn't see a copy—they 
were mailed to the mem¬ 
bers' homes. And I met a 
couple of guys, but too fast 
for me to remember all their 
names and calls." 

Tip #6: Give information 
packets to newcomers. 

The packets should in¬ 
clude, at the very least: 

1. List of members with 
their calls, addresses, and 
phone numbers. 

2. List of committees— 
members and tasks. 

3. Minutes of the last few 
meetings. 

4. Copies of recent news¬ 
letters. 

5. Schedule of activities. 

6. Repeater frequencies 
for the area. 

7. A copy of the club's 
constitution. 

8. Instructions on joining. 
Other materials some or¬ 
ganizations give to new 
members—although I know 
of no ham clubs which pro¬ 
vide these—include: 

1. Local sources for equip¬ 
ment, parts, services, etc. 

2. List of names of mem¬ 
bers' spouses and chil¬ 
dren (helps develop fami¬ 
ly involvement). 

3. History of the club. 

4. A few copies of articles 
about the club —say the 
top three articles pub¬ 
lished in the last year 
or so. 

Here's the experience of 
another ham. It's valuable 
because it points to another 
tip to help ensure that visi¬ 
tors don't come to just one 
of your club's meetings and 
then never show up again. 

"The club's secretary 
gave me an application 
form for joining the club. I 
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thought that was a nice 
touch. Later, I read the ap¬ 
plication, It included a state¬ 
ment I was to sign, agreeing 
to abide by all provisions of 
the club's constitution. That 
seemed overly formal, but I 
figured, well, maybe they 
have a good reason for that 
provision. Only they hadn't 
given me a copy of the con¬ 
stitution. And when I asked 
for a copy, I was told it was 
being revised and would be 
ready in a month or so, but 
not to worry, just go ahead 
and sign anyway." 

Tip #7; Give newcomers a 
copy of the constitution, 
rules, by-laws, or whatever 
guides your club. 

Even if your constitution, 
for example, is being re¬ 
vised, prospective members 
should be given a copy of it 
so they'll know the ground 
rules as they are at the mo¬ 
ment Many prospective 
members consider such doc¬ 
uments quite seriously. They 
like to know what they're 


getting into—how decisions 
are made, dues increased, 
leaders selected, and such. 
They don't agree with the 
advice of American writer 
George Ade: "To ensure 
peace of mind, ignore the 
rules and regulations." 

An officer of one ham 
club I visited handed me an 
application form on which 
two members were to sign 
as "sponsors" of new mem¬ 
bers. But since I didn't know 
anyone in the club and since 
neither that club officer nor 
that form told me how to 
get sponsors, membership 
seemed to be blocked. 
Therefore: 

Tip # 8: If new members are 
to be sponsored by estab¬ 
lished members, make sure 
information on how to get 
sponsors is readily available. 

Of course, if a member 
brings a newcomer, he or 
she most likely would be a 
sponsor and would usually 
help find additional spon¬ 
sors, if needed. But clubs 


which require sponsors 
should have a method for 
providing them for prospec¬ 
tive members who come on 
their own to a club's meet¬ 
ing. Greeters or club officers 
might be appropriate spon- 

Another problem for new¬ 
comers is highlighted on the 
second page of The Radio 
Amateur's Handbook: "One 
of the first obstacles for a 
person seriously interested 
in amateur radio is finding a 
local amateur to provide as¬ 
sistance. This volunteer 
amateur is called an 'El¬ 
mer.'" (Emphasis added by 
author.) 

Finding an Elmer should 
certainly not be an "ob¬ 
stacle." 

Rather, an Elmer should 
be immediately available to 
every newcomer—to pro¬ 
spective hams, to new hams, 
and—just as important—to 
established hams who move 
into a new area. 

But there's an additional 
problem with many Elmers 


today. They may tell a new¬ 
comer something such as, 
"If you need help, give me a 
ring." 

That's not really much of 
an offer of help. Elmers 
should do more than that. 
One good example is J. V. 
Rudnick K6HJU of Felton, 
California, who has been El¬ 
mer to scores of hams. Fie 
drops by a new ham's shack 
a few days after they meet. 
Fie comes with tools, ready 
to spend a few hours, if 
needed, to help find electri¬ 
cal interference, check out a 
new rig, select an antenna 
location—all examples from 
his recent Elmering. 

Tip #9: Ensure that every 
prospective member gets 
an Elmer—an active Elmer, 
a real Elmer. 

Finally, the essential tip: 
Tip #10: Evaluate your club 
and yourself: How do you 
think newcomers would 
rate youf 

Are you and your club 
friendly or frigid?! 
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Tester Project: England '83 

Wherein you flash-chance transistorschap. 


Reprinted by permission from the May, 1983, issue of Radio & Elec¬ 
tronics World, 200 North Service Road, Brentwood, Essex, CM14 
4SG, England. The transistor tester was designed by R. A. Penfold, 
12 The Crescent, Hadlelgh, Benfieet, Essex, SS7 2HF. 


T ransistor testers normal¬ 
ly fall into one of two 
categories: basic units where 
a flashing light indicates ser¬ 


viceable devices, or cali¬ 
brated metering circuits 
which give a rough indica¬ 
tion of current gain. Our de¬ 


CIRCUIT DESCRIPTION 

The full circuit diagram of the transistor tester Is shown In 
Fig. 2. The LF oscillator is a straightforward 7555 astable, op¬ 
erating at a little over 1 Hz. IC1 is a CMOS version of the 555, 
used primarily because of its low current consumption, in or¬ 
der to permit the use of very simple NPN/PNP switching, sep¬ 
arate NPN and PNP test sockets are used, as well as separate 
zener stabilizers and base resistors. In the prototype, there 
was a tendency for very high gain PNP transistors not to cut 
off properly due to the output of IC1 going slightly less than 
fully positive on the appropriate output half cycles. This prob¬ 
lem was completely overcome by making R4 and R5 a little 
higher In value, and adding R3; which have no significant ef¬ 
fect on circuit operation in other respects. 

The closed-loop gain of the circuit is accurately set at unity 
by RIO and R13. R8, R7, R11, and R12 are close-tolerance com¬ 
ponents so that consistent results are obtained when moving 
from PNP mode to NPN. 

R8 and R9 form the load resistance for NPN devices, while 
R14 and R15 are the load resistance for PNP devices. The val¬ 
ue of R15 sets the operating-current range of the unit. It varies 
from about 450 uA, with one LED switched on, to around 12 
mA with all ten activated. This gives a reasonable operating 
current for low gain devices, whilst removing the need for ex¬ 
cessive current flow when high gain transistors are being 
tested. R14 is added in series with R15 merely to provide addi¬ 
tional current limiting if a closed-circuit device is checked. 

Switch SW1 is all that is required to give NPN/PNP switching. 
It switches the Input of the display circuit to either the output 
of IC2 or the PNP-collector test socket (note that IC2 has a 
class A output stage which enables Its minimum output volt¬ 
age to swing down to near the negative supply potential). 

The display driver Is an LM3915N integrated circuit (IC3), 
which Is similar to the popular LM3914 device. The LM3914 
has ten linear LED threshold voltages, whereas the 3915 has a 
logarithmic scale with the LED threshold voltages at 3-dB in¬ 
tervals. This enables a wider range of current-gain values to 
be covered, with the maximum value being about thirty times 
higher than the minimum. R16 controls the LED operating cur¬ 
rent, and the specified value provides around 4.5 mA. 


sign is really a cross between 
these two. It uses a flashing 
10-LED bar graph to indicate 
whether or not the transistor 
is usable—the number of 
LEDs activated gives an indi¬ 
cation of current gain. This 
novel system enables checks 
to be made very rapidly and 
easily, as well as providing 
more reliable and informa¬ 
tive results than a single- 
LED tester. 

Design 

The basic setup used in 
the transistor tester is shown 
in Fig. 1. Schematic (a) shows 
the block connections for 
testing PNP transistors and 
(b) shows the slightly differ¬ 
ent arrangement needed 
when checking NPN devices. 

Looking first at the PNP 
mode, a low-frequency os¬ 
cillator drives the base of 
the text device via a resistor 
which sets the base cur¬ 
rent The transistor is thus 


switched on only when the 
output of the oscillator is in 
the low state (it is cut off 
when the output is high). A 
zener diode is used to give a 
stable output voltage from 
the oscillator so that a rea¬ 
sonably stable base current 
results. 

The bar-graph driver and 
display are fed with the volt¬ 
age developed across the 
collector load resistor. Cir¬ 
cuit values are chosen so 
that a very low gain device 
produces only sufficient 
voltage to activate one or 
two LEDs, while a very high 
gain device will activate all 
ten. So, with a serviceable 
device being tested, the LED 
display should flash on and 
off, and the number of LEDs 
will indicate the gain. 

In the NPN mode, an os¬ 
cillator, zener stabilizer, and 
series resistor are again used 
to pulse the base of the test 
transistor with a reasonably 



Fig. 1. The two bask: circuit configurations for testing NPN 
and PNP transistors. 
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stable current However, 
there is a minor complica¬ 
tion in that the voltage de¬ 
veloped across the load re¬ 
sistor is relative to the posi¬ 
tive supply, whereas the bar- 
graph driver requires an in¬ 
put voltage referenced to 
the negative supply rail. A 
unity-gain inverting amplifi¬ 
er is therefore used between 
the load resistor and the dis¬ 
play driver to give a suitable 
input signal for the latter. 

Construction 

Practically all the com¬ 
ponents are fitted on the 
printed circuit board, the 
only exceptions being the 
battery and the sockets. De¬ 
tails of the PCB wiring are 
provided in Fig. 3. If the spec¬ 
ified case is used, the two 
cutouts in the comers of the 
board are necessary to 
mount flush with the pillars 
inside the case. 

It is essential that the 
mounting holes for SW1 and 



Fig 2. Complete circuit of the tester. 


template. It is probably best groups of three 1mm sock- at right angles so that they 
to initially drill small guide ets, and provided each set of do not come into contact 
holes of about 1 mm in di- three is tightly grouped, it with the PCB when it is fitted 
ameter. will be possible to fit most into the case. 

Construction of the PCB transistors directly into 
is quite easy, but note that these without difficulty. A Operation 
IC2 has an MOS input stage, set of test leads can be used In use, the mode switch is 
Although I Cl is a CMOS de- to make connections to set for NPN or PNP, and the 
vice, it does not require any transistors that will not plug test device is connected to 
special handling precau- into the sockets. The tags of the correct sockets. If the 
tions. The tags of SW1 and the sockets should be bent device is functioning prop 
SW2 should be pushed right 



Fig 3. PC board, foil side. 


Photo B. Inside the transistor tester. 


73 Magazine • June, 1984 35 




Parts List 



erly, the LED display should 
flash on and off with a suit¬ 
able number of LEDs being 
switched on. It is a good 
idea to test a number of 
transistors of various types, 
which are known to be fully 
operational, so that you 
know the approximate num¬ 
ber of LEDs that should be 
activated when testing a sus¬ 
pect device. 


If the LED display lights 
continuously, this indicates 
that the device under test is 
closed circuit, but check to 
be sure that SW1 is in the 
right position and that the 
device is connected correct¬ 
ly If not all of the LEDs 
switch off. this indicates 
that the test device is faulty 
and has a high leakage level, 
but again, check that it is 


connected correctly and 
that SW1 is in the right posi¬ 
tion. Also, do not hold the 
transistor in the test sockets 
touching the base and col¬ 
lector leads. This could sup¬ 
ply a small current into the 
base of the component giv¬ 
ing a high enough collector 
current to activate one or 
two LEDs. If the display fails 
to light at all, it indicates 


D1,2 BZY88C5V6 

LED1-10 (3mm red LEDs) 

Miscellaneous 

SW1,2 SPDT min toggle switch 
B1 9-volt battery 

SKI, 2 1mm wander 

Sockets (see text), plastic case 
(120 x65 x40mm), battery con¬ 
nector. PCB, pins, wire, etc. 

that the transistor under test 
has gone open circuit.■ 
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Rick Myers WB5AYD 


Mike Apsey W5VKC1 
Box 91 PO Box 807 

W. Peterborough NH 03468 Van Alstyne TX 75095 


Sounds Good to Me 

Two Texans put together "73 Morse R/T:" It's the best 
Basic VIC-20/C-64 code program you will ever see. 


T hree things plague Morse 
code transmit/receive pro¬ 
grams. First the good ones 
are expensive. Second, the 
inexpensive ones don't gen¬ 
erate good-sounding Morse. 
Finally, most Morse pro¬ 
grams you enter yourself are 
in Basic and are too slow to 
generate or copy well¬ 
spaced Morse. 

So what have we here? 
True, it's Basic that you 
must enter yourself, but be¬ 
fore you dismiss it as just an¬ 
other Morse program, con¬ 
sider that "73 Morse R/T" 
has been carefully assem¬ 
bled to make maximum use 
of Commodore Basic. 

Because variables im¬ 
prove program speeds, the 
program sections using num¬ 
bers have been created to 
use the faster variable meth¬ 
od. Morse spacings have 
been carefully guarded, and 
this program generates the 
best-sounding code possible 
in Basic at speeds from 5 to 
50 wpm. 


73 Morse Receive/Trans¬ 
mit allows type-ahead buffer¬ 
ing of up to 255 characters 
and three (or more) 255-char¬ 
acter message buffers into 
which may be placed a CQ, 
station brag tape (rig mes¬ 
sage), and QTH information. 

Additionally, a simple in¬ 
terface schematic is includ¬ 
ed in this article. With it, 
your Commodore VIC-20 or 
-64 can be connected to 
your radio and be used with 
73 Morse R/T on the air. 

Two items of caution be¬ 
fore describing this program 
in detail. First, if you make 
program modifications, add 
no line number preceding 
line 200. Any line appearing 
prior to 200 must be pro¬ 
cessed between each char¬ 
acter sent by the program 
and even a Remark state¬ 
ment will deteriorate the 
sound. 

Second, we suggest you 
avoid attempting to enter 
the Receive mode of this 
program until you have con¬ 
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Fig. 1. 73 Morse transmit schematic. 
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structed the interface. If you 
engage the Receive option 
without an interface at¬ 
tached, 73 Morse R/T will 
lock and you will be unable 
to return to Transmit. Until 
you have constructed the in¬ 
terface (or attached a suit¬ 
able one), place a Remark 
(REM.) at the beginning of 
program line 255 to prevent 
the lockup. Remember to re¬ 
move it when you connect 
an interface. 

73 Morse Receive/Trans¬ 
mit supports the following 
amateur CW prosigns: 

Prosign Key 

AR ) 

KN 

SK 

AS @ 

BK 

BT 

In addition. Morse error 
(eight dits) is sent when Re¬ 
turn is depressed or an unde¬ 
fined key is struck. The 


Run/Stop key is an excep¬ 
tion and acts as a Break key; 
if accidentally depressed, 
type "CONT(inue)", 

This program features a 
255-character keyboard buff¬ 
er. If the 255-character limit 
is exceeded, excess entries 
will result in the "string too 
long" error message. Should 
this occur, enter "CONT" to 
resume. 

The Delete key may be 
used in the normal manner 
to make changes and cor¬ 
rections, providing the char¬ 
acter to be corrected has 
not been or is not being 
transmitted at the time of 
the attempted correction. 

A transmission may be 
aborted by using the Clear/ 
Home key, but can be called 
only from the Transmit 
mode. Exercising this func¬ 
tion results in a clear screen 
and loss of the buffer con¬ 
tents. 

Six 255-character buffers 










are included with 73 Morse 
R/T. All are accessed from 
the Function Keys on the 
right side of the VIC-20 or 
-64. Earlier, only three were 
mentioned. The reason for 
this is that to be useful, one 
buffer must hold the station 
callsign input, another the 
callsign of your station, and 
the third an HW CPY link. 

Although more than sug¬ 
gested data could reside in 
the preceding three buffers, 
their function limits the 
length of the contents. Feel 
free to change the contents 
of any buffer (Function Key) 
as you wish. Details of how 
this may be accomplished 
can be understood from 
reading the following docu¬ 
mentation sections. 

FI will send the message 
contained in program line 
310, which in this case is CQ. 
Any message up to 255 char¬ 
acters in length may be 
placed in this buffer. You 
are limited in line length, 
however, to the default lim¬ 
its of your computer (88 on 
the VIC-20, 80 on a -64). If 
your message exceeds these 
lengths, it is suggested that 
you add a second line num¬ 
ber (in sequence) to com¬ 
plete your message, as illus¬ 
trated in the link example in 
program lines 360 and 361. 
Notice that GOTO 45 ap¬ 
pears at the end of the last 
line of buffer text only and 
that line contents must be 
linked as "KS = K$ + " on 
additional lines. 

F2 allows you to enter the 
callsign and name of the sta¬ 
tion with whom you are en¬ 
gaged. These entries may be 
left blank, or to change the 
data you may recall the op¬ 
tion and enter a single quote 
(") when the information is 
requested. Once a name or 
callsign has been entered, 
entering a null will preserve 
whatever data resides in the 
memory for those catego¬ 
ries. 

F3 will send "(his callsign) 
DE (your callsign)" if a call- 
sign for the station being 
worked has been entered. 
Your call must also appear 
in program line 330. 


F4 sends the QTH or other 
message contained in pro¬ 
gram line 340. 

F5 will transmit "SO HW 
CPY (name)? (his callsign) DE 
(your callsign)" followed by 
the invitation to transmit 
"(K)". This function demon¬ 
strates how two (or more) 
Function Keys can be linked 
(concatenated). In this ex¬ 
ample, F3 is called by F5. 

F6 sends the station brag 
tape (rig message) or the 
contents of program lines 
360 and 361. These linked 
lines are explained in FI 
above. When linking pro¬ 


gram lines to allow more 
than the standard line 
lengths, caution should be 
exercised on the unex¬ 
panded VIC-20, as memory 
limits can be approached 
quickly and result in erratic 
code spacing. Should this 
happen, abbreviate your 
messages or add memory 
expansion. 

F7 toggles between Com¬ 
pose and Send modes. 
When Compose is chosen by 
a single depression of the F7 
key, 73 Morse R/T will allow 
building your transmission 
in advance of being sent. It 


will not function during Re¬ 
ceive. Function keys may be 
embedded during Compose, 
but remember that the 
lengths of messages linked 
in this manner will affect the 
maximum count of 255 
characters. It is easy to ex¬ 
ceed maximum buffer 
lengths unexpectedly in this 
way. Should an error devel¬ 
op due to this, type GOTO 
50 and your transmission 
will continue with the of¬ 
fending characters re¬ 
moved. Depressing F7 a sec¬ 
ond time will send your 
Composed text. 


10 G0T0200 

1S FORL-1T0LEN (M* < A) ) i S»-MI D« (M» (A), U, I) I PI-T l IFS»* " - " THENM-DL 
20 PQKEV,PiP0KEN,KlFORD-ITQMiNEXTlP0KEV,ZiP0KEN, UlFORD-ITOEBlNEXTiNEXT 
30 FORD-ITOBFiGETK*lPRINTK*) 

32 IFKMCHR*(0) ANDB*<>""THENB»-LEFT»<B»,LEW<B»)-I) 160T030 

34 IFK*-CHR* <QQ)THENB*- PRINT"tSC>"lG0T030 

36 B»-B»+K*iNEXT 
3B IFB*< >""THEN50 
40 GETK«|IFK«-"“THEN40 
43 B*>K*I PRINTS*| 

30 A-ASC(B»>iB«-RIGHT*< B»,LEN(B»>-1)11FA>LLTHEN2S0 
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70 A-A-FFiIFA<ITHENA-I 
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110 L-ZiIFPEEK<C)-ZTHENPRINT" "| 

112 IFPEEK < G)-YTHENPOKE19 B, ZiS0T0243 
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190 PRINTMID*<R*,X,I)|lX-IiL a ZiGOT0100 

200 DIMM*<31)IF0RL-1T0311READM*(L)iNEXTlS-20 

210 PRINT"CSCHCR) 73 MORSE SEND/REC" | PRINT"<CDHCD>{CD}SPEED (3 TO B0> {CRHCR>"B"CCLHCLHCLHC 
LXCL>“| 

213 INPUTSlIFS<30RS>B0THEN210 

. 220 PRINT"<SC>"lP0KE36B7B,13iV-36B76IP a 230lZ a 0lH-3714BlK-222lU-234iT-2300/3'‘l.23 
223 BF a T/12l£3-7500/3*21FF a 39iLL a 90l SP a 32lNS a 3*TlDL a 3*TlIFS>30THENDL-4*T 
230 R» a " TEMNAI0GKDWRU3770ZYCXBJP?L?FVHO97B77777+li77/ a 61??77)7B27773!43" 

233 R*-R*+"???????!7777,77777 <??|????????-??’77777777.77’777777777777*“ 

240 B a 4i E a 9i F a 12l H a 16lC a 37136l6 a 197i I a li J-2i N a 6i Q a 20i 00-191 R-122i X— 1 ■ Y a Bl P0KE3713B, 234 
243 PRINTiPRINTBPC<9>“<RV>XMTtCD)"I60T040 

230 IFA>132ANDA<141THENA-A-132i0NAGQT0310,330,330,370,320,340,360,3B0 
233 IFA-93THENPRINT|PRINTSPC(7)"<RV)RECEIVECCD>"IG0T0190 
260 G0T0210 

310 K« a " CO CO CO DE W3VKC/1 N3VKC/1 K “IG0T043 
320 PRINTiPRINT iINPUT"BTATION CALL”|C* 

323 PRINTiINPUT"NAME"|N« 

32B PRINT"<SC>“i60T040 

330 K*-“ "+C*+" DE W3VKC/1 "+B»lG0T043 

340 K» a " 0TH PETERBOROUGH, NH7 PETERBOROUGH, NH. - “+B*lG0T043 
330 K* a "S0 HN CPY “+N*+“? ){77>K"|GOT043 

360 K» a " RIG HR TEN TEC CENTURY/21 INTO A OIPOLE • KEYING HID A VIC 20 COMPUTER" 

361 K«-K*+" - FRIEND NB3AYD NR0TE S0FTNARE - “+B*iG0T043 

370 ..PRINT"<BC>"SPC(6)“<CDHRV)C0MP0BING<CD>■ 

371 GETK*l IFK* a CHR*( 136) THENPRINTI PRINTSPC(6)"tRV> SENDING tR0HCD>"lG0T03S 

372 IFK*-“ "THEN371 

373 PRINTK«|lIFASC(K«)>132THENPRINT"CRV>"MID*("1337246B",ASC(K*)-132,l)"tR0>"| 

374 IFK*-CHR«(20)THENB*-LEFT*(B«,LEN(B*)-1)lG0T0371 
373 IFLEN(B*)-233THENPRINT"<RV)"|iG0T0371 

376 B*-B*+K*iG0TQ371 

3B0 K*-“ DE W3VKC/1 "+B»iG0T043 

300 DATA. 

320 DATA- 

330 DATA.-,-...,-.-.,-..,.,..-.,—. 

340 DATA-. 

READY. 


Program listing 
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20 POKEVO.FsPOKEH.KlFORD-ITOMlNEXTlPOKEVO.ZlPOKEH.UiFaRD-ITOESlNEXTlNEXT 
205 P0KE53281,OiP0KE532B0,0:PRINT"CUH>CSC)“*F0RI«54272T054296*POKEI.OlNEXT 

210 PRINTSPC (lOi "J/64 MORSE SEND/REC” t PRINTSPC (91 - CCD) (CO! (CDISPEED C3 TO SOI CCR)CCR}"S"CCDCCL) 
<CL)CCUCCU“| 

216 P0KE54272,65.P0KE34273,51:WF*34276:AD*54277:SR*5427B*WV*63iM=NV»1 

217 POKEMF, N11 POKE AD, l ! PQKESR, 2401 POKENF , HVi P0KE54275 , Si P0KE54274,0 
220 PRINT"CSC) "l V0*54296* Z*OlN*56576lK* 147:11*131: T*2300/S~l. 25 

240 B*4*E*9*F*12*H*16lC*56577:&*197*1*1*J*2*N*6:Q*20*00*19*R*122*X*1*Y*57 

241 P0KE56579,254 

245 PRINT*PRINTSPC<181"CRVJXMTCCD)"lG0T040 

255 IFA-95THENPRI NT * PR INTSPC <161" CRV) RECEIVE CRO) " * 60T0190 

360 K»*“ RIB HR TEN TEC TRITON 4 INTO A DIPOLE = KEYING HID A CBM 64 COMPUTER" 

370 ..PRINT" <SC> "SPC< 15) "CCD){RV)COMPOSINGCCD)" 

371 GETKtlIFK9*CHR4(136)THENPRINT* PRINTSPC!15)"CRV) SENDING <R0) CCD) " t G0T038 
READY. 

C-6 4 modifications to 73 Morse RfT listing. 


F8 sends "DE (your call)". 
Useful for IDs and QSK. 

Note in line 340 (and oth¬ 
ers) the buffer (B$) is added 
to the message, preventing 
the contents of the buffer 
from being lost This enables 
the messages to be used 
within text in either the 
Direct or Compose modes. 
In the Compose mode only, 
a reversed number represen¬ 
tative of the inserted Func¬ 
tion Key will appear within 
text. Although not repre¬ 
sented in Send, the Function 
Key will be transmitted. 

Receive 

With a suitable interface 
connected. Receive may be 
entered by depressing the 
back-arrow (escape) key. A 
second push of the same 
key returns to the Transmit 
mode, and in this way the 
key toggles between modes. 
The back-arrow key may al¬ 
so be implanted in text. 
When encountered, the 
modes will change. 

The simplicity of the re¬ 
ceive circuitry on the ac¬ 
companying schematic is 
roughly representative of 
the function refinements. 
Although accurate and flexi¬ 
ble, these restrictions sug¬ 
gest several actions to en¬ 
sure optimum results. 

The variable resistor is 
used to adjust the loop fre¬ 
quency. Loop adjustment 
should coincide with the 
center frequency of the CW 
filtering engaged For exam¬ 
ple, a 750-Hz (typical) filter 
would require your inter¬ 
face loop be adjusted to 750 
Hz—the idea being to ad¬ 
just the LED to brilliance 
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with full filtering engaged 

As a digital device, the 
VIC requires spaces of si¬ 
lence between Morse char¬ 
acters for recognition. 
Therefore, rf gain should be 
adjusted to permit the LED 
to extinguish between key¬ 
ing. In other words, tune in 
the desired signal and re¬ 
duce rf gain to a point where 
QRM does not keep the LED 
from blinking. A threshold 
adjustment (squelch) would 
be helpful here, but is not 
within the scope of this arti¬ 
cle. 

Any suitable interface 
can be driven with 73 Morse 
Receive/Transmit. The pre¬ 
requisite is that the interface 
in use is TTL-compatible and 
goes low on keying applied 
to the external DEMOD in¬ 
put on the interface in¬ 
cluded here. 

Although there is an up¬ 
per limit to receive copy 
speed, we have successfully 
decoded 30-word-per-min- 
ute CW generated by 
HAMTEXT and MBATEXT 
with this program—admir¬ 
able for Basic. We feel 
VIC-20 and C-64 Basic has 
been optimized at this 
point. Morse transmission at 
speeds in excess of 65 wpm 
is possible and has been de¬ 
coded by the previously 
mentioned commercial pro¬ 
grams At speeds approach¬ 
ing 80 wpm, 73 Morse R/T is 
detected with excess spaces 
but remains readable. 

It is important to mention 
that no CW decoder will 
copy poorly sent CW. If. for 
instance, the transmitting 
station sends a question 
mark as "IZ", then "IZ" will 


be displayed 

In view of this restriction 
to accuracy inherent in all 
time-based microprocessors, 
we recommend you remain 
faithful to your own receiv¬ 
ing speeds and not dive into 
a speedy QSO you can't 
keep up with should your 
VIC crash. If you parallel a 
key alongside the computer, 
you can always request QRS 
if your program or VIC 
crashes in mid-QSO and you 
find yourself adrift without 
oars. 

Circuit Notes 

The transmit section of 73 
Morse Receive/Transmit uti¬ 
lizes the CB2 (RS-232 Sout) 
signal at the User I/O port on 
the VIC-20 and -64. CB2 will 
go low when the transmitter 
is to be keyed. This further 
enables the Run/Stop/Re¬ 
store sequence to interrupt 
keying at any time and pre¬ 
vents the computer from 
keying the transmitter on 
power-up initialization or 
Reset 

For Receive, this program 
makes use of the PB0 signal 
at pin C and the CB1 signal 
(RS-232 Sin) at pin B. PB0 
must go high when a re¬ 
ceived signal is detected. 
Although CB1 is not used, it 
is connected in anticipation 
of the later addition of 
RTTY and ASCII upgrades 

The 567 tone-decoder 1C 
is available at most parts 
stores and is common, 

A 12/24 .156 spacing con¬ 
nector is required for this in¬ 
terface. Lacking one, a 22/44 
pin connector (common) 
can be cut to fit. The inter¬ 


face may be constructed on 
a piece of perforated board 
and the underside of the 
connector attached to the 
board with strong (two-part) 
epoxy. Refer to the manual 
furnished with your comput¬ 
er for pinouts. 

Do not attempt to key a 
rig which presents more 
than +30 V or any negative 
voltage at the key terminals 
with the direct keying por¬ 
tion of this circuit, for dam¬ 
age to your computer will 
likely result. Provision for 
total isolation of the type 
necessary to permit safely 
keying such transmitters can 
be made through a common 
reed relay using the alter¬ 
nate keying section of the 
schematic. 

Acknowledgements 

The authors of this pro¬ 
gram would like to acknowl¬ 
edge conceptual assistance 
from Jim Thomas W9OA0, 
whose application of the 
567 tone-decoder circuit ap¬ 
peared on an interface card 
for CW split-screen on the 
ZX-81 and was used by per¬ 
mission. Additional thanks 
to Cliff Nunnery NU4V from 
whom the ZX-81 program 
and interface are available. 
Automatic receive-timing ad¬ 
justments used in this pro¬ 
gram were based on the 
equations of J. C. Sprott 
W9AV, who created them 
for the TRS-80 computer. 

Notes 

If in testing this program 
you notice scrambled CW, 
look for an added or missing 
comma in the Data state¬ 
ments of lines 500 through 
540. 

Users of the Commodore- 
64 should replace any ex¬ 
isting program lines in the 
VIC version with those ap¬ 
pearing in the 64 modifica¬ 
tion listing, adding those not 
shown in the VIC listing. 

This program previously 
appeared as J/20 Morse R/T 
in the bi-weekly ]ournal/20 
and has been in use for over 
a year. It is in the public do¬ 
main. ■ 






Peter H. Putman KT2B 
84 Burnham Road 
Morris Plains N/ 07950 


Piggy-Bank Repeater Project 

Set it and forget it. 

This inflexible controller doesn't bend the budget 


I know what you're think¬ 
ing. The last thing this 
world needs is another re¬ 
peater control, right? (Some 
would say the last thing we 
need is another repeater, 
period, but that's another 
matter altogether.) 

The past few years have 
seen a proliferation of mi¬ 
croprocessor-based repeater 
controls offered for sale in 
73, HR, QST, and other 
magazines. While it's cer¬ 
tainly true that these units 
do offer an amazing array of 
functions, bells, whistles, 
and the like, it can be said 
that such systems may be 


far more than the average 
repeater operator needs for 
simplicity and reliability. 

The circuit described here 
won't win any engineering 
awards but won't break your 
bank, either. What's more, 
all of the parts can be ob¬ 
tained easily. The emphasis 
is on "set-and-forget" opera¬ 
tion, so there are a minimum 
number of functions to fuss 
with when performing the fi¬ 
nal installation. Best of all, 
this circuit lends itself well 
to modular designs, such as 
plug-in cards. In this particu¬ 
lar case, this meant the end 
of the wonderful January 


trips to the repeater site to 
troubleshoot in minus 10° 
weather. 

The Split Rock ARA re¬ 
peater in Rockaway, New 
Jersey, had used for many 
years a circuit based on first- 
generation TTL devices. 
When it was first built in 
1972, it was a pretty impres¬ 
sive piece of equipment! 
This controller featured a 
1.5-second delayed key-up, 
a diode-matrix ID generator, 
a "polite" identifier, and 
used only 22 ICs, 30 diodes, 
3 relays, and numerous tran¬ 
sistors to do the job. It was 
constructed on plug-in wire- 
wrap boards (presumably to 
allow for some experimenta¬ 
tion) and then the wire-wrap 
was soldered. With atten¬ 
dant power supply, it took 
up about 12" by 4" by 
6"—not a small package 

Well, time marched on. 
Pretty soon, chips began to 
fail about the time that vari¬ 
ous pieces of circuit docu¬ 
mentation were mysterious¬ 
ly vanishing. The identifier 
began cutting itself off in 
mid-ID, giving us one of the 
world's shortest calls, "DE 
W—Worst of all, the de¬ 
layed key-up began reset¬ 
ting on every call, resulting 
in more "doubles" and "tri¬ 
ples" than the World Series! 

What to do? The repeater 


users were ready to march 
on Washington. Everyone 
grumbled about the situa¬ 
tion. The most popular ques¬ 
tion at our monthly meet¬ 
ings (after "when do we 
adjourn?") became, "Hey, 
when are you gonna fix the 
ID box?? Hunnhh?" 

With visions of a lynch 
mob firmly in mind, the de¬ 
cision was made to deep-six 
the old control package in 
nearby White Meadow Lake 
and redesign a brand-spank¬ 
ing-new controller. Thus 
would our repeater move in¬ 
to the 80s! 

I had experimented with 
many Rube Coldberg de¬ 
vices over the years for re¬ 
peater control, being first at¬ 
tracted to a design using 555 
timers. No good! The 555 is 
surely the most versatile 1C 
ever to grace this earth, but 
it suffers from a problem 
common to most one-shots: 
poor noise immunity. My 
first attempt at a circuit of 
this type worked great on 
the bench, but soon wound 
up in the garbage, as those 
poor 555s keyed up on every 
spike within a mile of our 
site. Sure looked good on 
paper, though 

A circuit using flip-flops 
and unijunction transistors 
soon made an appearance 
in the March, 1979, QST,’ 



Photo A. Completed board minus the LEDs. 
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and it looked promising. The 
user "set" the flip-flop upon 
key-up, and the UJTs "reset" 
the flip-flop using the classic 
RC circuit to determine 
squelch-tail time. Again, not 
a bad idea on papier. Howev¬ 
er, in the repeater, it was 
soon discovered that the 
user got erratic squelch tails, 
if any tail was generated at 
all! 

Using tantalum capaci¬ 
tors and precision resistors 
didn't cure the problem. RFI 
and timing problems put 
this model in the circular 
file. Back to the drawing 
board! Although the circuit 
was a clever design, the fact 
that the capacitor did not al¬ 
ways charge completely on 
each transmission (especial¬ 
ly during a series of rapid 
QSOs) led me away from us¬ 
ing any RC-type delay cir¬ 
cuits for future designs. 

The problem was just too 
many variables, such as the 
quality of electrolytics used, 
type of UJT used, grade of 
other transistors, and ques¬ 
tionable response in ex¬ 
treme environments. How¬ 
ever, the basic concept was 
halfway there—using flip- 
flop logic and toggling be¬ 
tween set and reset modes. 
Ah-ha! Now I was getting 
somewhere, and after study¬ 
ing schematics for the 
10,000th time, it occurred to 
me that a better way would 
be to use clock pulses to do 
the job This meant an on¬ 
board clock and appropri¬ 
ate divide-by-X chips. And so 
was bom the final circuit (al¬ 
though more out of despera¬ 
tion than inspiration!). 

Refer to Fig. 1 for the 
schematic. Q1 and Q2 serve 
to isolate any COR lines 
from the CMOS logic, as 
well as provide high enough 
signal levels for reliable key¬ 
ing action. Either positive- or 
negative-type COR lines can 
be used, swinging typically 
from .5 to 8 volts, or vice- 
versa. U1, a CD4047 free- 
running multivibrator, serves 
as the on-board clock. It is 
set to about 120 Hz at pin 
10. The output from U1 
drives U2, a CD4040 ripple 



Photo B. Controller built on plug-in card. 


counter. These two chips 
make up the heart of the 
timing circuit and are never 
disabled while the circuit 
has power to it The clock 
pulses from U2 are fed to 
three on-board divide-by-sev- 
en chips, U3, U4, and U6, 
which are all CD4024 types 
and which generate the de¬ 
layed key-up, squelch tails, 
and timeout intervals, re¬ 
spectively. 

U4 serves an additional 
function: It resets the delay 
line after 10 to 12 seconds of 
inactivity. Or, if you prefer, 
it can be disabled. When the 
user opens the squelch on 
the repeater receiver, the en¬ 
suing COR voltage change 
(either high-low or low-high) 
will cause Q1 to go low, 
which in turn also sets pin 2 
of U3 low. This COR signal is 
also sent to pin 12 of U5A, a 
CD4001 quad 2-input NOR 
gate. U3 is now counting 
clock pulses, and after 1.5 
seconds, pin 11 of U3 goes 
high, setting U7A, a CD4013 
dual-D flip4lop. Pin 2 of 
U7A, the Q output, goes 
low. This signal is sent to the 
other input of U5A, pin 13. 
Now we're ready for action. 


U5A at this point goes 
high through pin 11. This line 
sets U7B through pin 8, 
causing pin 12 of U7B to go 
low. This logic is sent to pin 
6 on U5C. Pin 5 is normally 
set low (we'll get back to it 
in a moment), with the result 
that the output of U5C, pin 
4, goes high and keys the 
transmitter through relay 
driver Q5. When the input 
signal is released, pin 2 of 


U4 is set low via NOR gate 
U5B and after 2.5-3 sec¬ 
onds, pin 11 goes high, reset¬ 
ting U7B through pin 10. 
This is the squelch-tail cir¬ 
cuit. If no further activity is 
detected after 10-12 sec¬ 
onds, pin 5 of U4 goes high 
and resets U7A through pin 
10. The delay line is back on 
and ready for the next 
userfs). 

This may seem like a fair 
amount of work just to ker¬ 
chunk the old machine, but 
you'll always get a consis¬ 
tent squelch tail, each time 
and every time. You turn on 
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the various flip-flops and the 
on-board clock, and count¬ 
ers turn them off, keying the 
transmitter and dropping it 


in the process. No noise 
spikes to fool one-shots, no 
variable-length tails, time¬ 
outs, or delays. Sound good? 


Read on! Now you'll find 
out why I sent you through 
all those gates and flip-flops. 
Refer to pin 5 of U5C, the 



Fig. 3. Component layout 


key-line driver. By using a 
NOR gate here, we've incor¬ 
porated timeout control, 
merely by driving pin 5 high. 
Stops 'em every time! This is 
easily done by using two 
more flip-flops—U8A and B. 

Let's assume someone 
has brought up the repeater 
and is chewing everyone's 
ear off describing the new 
Ultra-5000 computerized rig. 
Remember the COR set con¬ 
ditions: U3 is enabled, U4 is 
disabled, and U7A and B are 
in the set mode. Refer again 
to the schematic and you'll 
spot U6, another divide-by- 
seven counter When pin 11 
of U5A goes high, it sets pin 
2 of U6 low, enabling the 
counter. U6 derives its clock 
pulses from pin 4 of U2 for 
determining the timeout in¬ 
terval. The Split Rock re¬ 
peater always had about a 
90-second timer, so this pro¬ 
gram was retained. 

As long as pin 2 of U6 is 
held low, which it is whenev¬ 
er there is activity on the re¬ 
ceiver, it will continue to 
count up to 90 seconds, at 
which point pin 3 of U6 goes 
high and sets U8B through 
pin 6. Pin 1 of U8B then goes 
high and is sent to—you 
guessed it—pin 5 of U5C. 
Pin 4 of U5C goes low and 
the key line is dropped, shut¬ 
ting off the repeater. 

When our hero runs out 
of superlatives on his new 
toy and drops the input car¬ 
rier, several things happen. 
First, U3 and U6 are im¬ 
mediately reset. U4 is now 
enabled and its pin 11 goes 
high, resetting U8A and set¬ 
ting pin 12 high. Like a stack 
of falling dominoes, this 
resets U8B, which then 
resets pin 5 of U5C low, and 
we're back on the air. You'll 
get the customary squelch 
tail, and that's it! Everything 
is ready for another timeout 

The timeout timer can be 
reset immediately upon the 
dropping of each input car¬ 
rier by using pin 11 of U4, or, 
if you prefer a short interval 
for the "beep," pin 9. This 
will give about a 1-1 5-sec¬ 
ond interval for reset. The 
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2 c& j2 12a dio Communications 


Procom 300 dual impedance boom m 

Telex/Hygain Explorer antenna. 

Ham 4 rotor. 

AR-40. 

MFJ 1224 Computer Interface. 

MFJ 959 Receiver Tuner. 

KLM6M 50-52 MHZ. 

Amp Supply AEX-1. 

A PC-1 . 

APC-1 &3AEX-1 antennas. 

80m add on. 

Hustler Verticals 
Hustler 4BTV & 5BTV 
Hustler Resonator 10-80m 


.$69.95 
$279.95 
$213.95 
$114.95 
.$89.95 
.$76.95 
.$59.95 
.$74.95 
.$94.95 
$289.50 
. $24.50 ea. 



SPECIAL THIS AD! 

LA- lOOO- AMP 
With 160M 

BOTH FOR 

AT-1200 $564.95 

TUNER (216)484-3353 


high-going pulse from pin 9 
can be used to activate a 
beeper, if needed. The time¬ 
out program can be changed 
to the legal limit of 180 sec¬ 
onds by taking clock pulses 
from pin 13 of U2 and send¬ 
ing them to pin 1 of U6. 

That's all there is to it! 
The addition of a couple of 


LEDs to indicate DELAY and 
COR status puts you in busi¬ 
ness. Photo A shows a com¬ 
pleted board minus LEDs, 
while Photo B shows one 
version built on a WES- 
COMM 56-pin plug-in card 
which SARA uses on K2RF/ 
R. Two built-up boards are 
now in existence, which 



Photo C. Size comparison of the old and new controller 
versions. 
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means anytime there's a fail¬ 
ure, on-site maintenance 
consists of pulling the bad 
board and plugging in a new 
one. The defective unit can 
be repaired at your leisure in 
a nice warm place, not some 
icebox on a hilltop. Photo C 
shows the difference in size 
between the old controller 
and the new version. Fig. 2 
shows the circuit board 
used, and Fig. 3 shows the 
component layout. If there 
is sufficient interest high- 
quality printed circuit 
boards will be made avail¬ 
able. 

One final suggestion: Use 
good chips. You're trusting 
the control of your machine 
to this little bugger, and sec¬ 
onds or grab-bag ICs just 
won't hack it A good source 
for chips would be Jameco 
Electronics. 2 If you aren't 
sure if it'll work under harsh 
conditions, do what I did: 
Place the board in a plastic 
bag and toss it in the freezer 
for about two hours, then 
pull it out plug it in, and get 
the good (or bad) news. 
Prime chips should handle 
this test with no sweat. 

There is no place to at¬ 


tach the relay to the circuit 
board since every relay is 
different So, do what I've 
done and glue your relay 
right to the board on its 
side—there's plenty of room. 
Don't forget to bypass the 
coil with a diode or you may 
have some problems with 
spikes. 

It's not a whiz-bang mi¬ 
cro-based control with 3,000 
functions, but on the other 
hand, you ought to be able 
to build one of these for 
under $25.00 with all new 
parts, and that's a worst- 
case guess. This unit is ideal 
for hard-to-get-at locations 
or for remote links. You can 
add any type of ID circuit 
you like; just use the output 
of pin 11 of U5A to trigger it, 
through an appropriate tran¬ 
sistor. 

Have fun! If any ques¬ 
tions arise in construction, 
send along the usual SASE 
and I'll try to help.B 
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U1 

Parts List 

CD4047BE mono/astable 



multivibrator 

$.89 

U2 

CD4040BE 12-stage blnary/rlp- 



pie counter 

.79 

U3, U4, U6 

CD4024BE 7-stage binary 



counter 

2.07 

U5 

CD4001BE quad 2-Input 



NOR gate 

29 

U7, U8 

CD4013BE dual-D flip-flop 

.78 

Q1,Q2,Q3,Q4 

2N3904 NPN transistor 

1.00 

R1 

500k linear taper control 



(63P-500k) 

1.10 

Cl 

Mylar - ™ ,022-uF 100-V 



capacitor 

.13 

Q5 

2N3566/2N2219 NPN transis¬ 



tor 

,50 

R2, R3 

47k, ’/4-Watt carbon resistors. 



5% 

.12 

R4-R13 

10k,’/4-Watt carbon resistors, 



5% 

.60 

R14, R15 

1.2k, Vi -Watt carbon resis¬ 



tors, 5% 

.12 

D1,D2 

Red LED, #XC556R 

.69 

7 ST 

14-pln solder-tall 1C sockets 

2.03 

1ST 

16-pln solder-tail 1C sockets 

.34 

Total Parts 


$11.45 

Note: All prices are from the recent Jameco catalog. 













Patty Winter N6B/S 
PO Bo* 5 37 
Menlo Park CA 94025 


Not-So-Famous Garriott Words 

In one of his first post-STS-9 appearances, W5LFL spoke at 
Footh ill (CA) College. We record his dedication to amateur radio. 


Last February, Dr. Owen 
Garriott W5LFL described 
his historic space-shuttle 
operations in a speech given 
to over a hundred hams at 
Foothill College in Los Altos 
Hills, California. Owen was 
in the Bay Area to address 
engineering faculty and 
students at Stanford Univer¬ 
sity, his alma mater. His ap¬ 
pearance at Foothill was ar¬ 
ranged by Ted Harris N6IIU, 
Disaster Services Director for 
the Palo Alto (California) Red 
Cross. 

Before Owen spoke, col¬ 
lege trustee Robert Smith- 
wick W6IZU noted how ap¬ 
propriate it was that the first 
ham to operate from space 
should address a group at 
Foothill, because the col¬ 
lege was the original home 
base for Project OSCAR. Dr. 
Smithwick also reminisced 
about the beginning of the 
space age in October of 
1957. 

The following is an edited 
transcript of Dr. Garriott's 
talk. 

S mitty mentioned the 
events that occurred Oc¬ 
tober 4,1957 I well remem¬ 
ber where I was on that eve¬ 
ning. I was a graduate student 
here at Stanford University, 
just in the process of looking 
for some interesting disser¬ 
tation subject, when all of a 
sudden the Russians were 
kind enough to provide the 
ideal opportunity with this 
beeping satellite putting out 
its beeps on 20 and 40 MHz. 

On that Friday evening, 
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we went out to the radio¬ 
propagation field site (along 
with a good many other 
hams) and listened to the 
sputnik beep its way around 
the Earth, ail of us of course 
amazed. 

The field site was pretty 
well equipped: We had a 
number of chart recorders 
and different kinds of anten¬ 
nas there because the field 
site at that time was being 
used for studies of propaga¬ 
tion effects. Therefore, we 
could connect up the out¬ 
put of the Collins receivers 
to the chart recorders and 
look at the amplitude and 
also the very interesting fad¬ 
ing pattern, which of course 
was quite different than any 
kind of fading that had ever 
been observed on normal 
20-MHz propagation paths. 

I can remember the ques¬ 
tion being asked, "Well, 
that's puzzling: Why is that 
fading coming along here at 
something like a one- or 
half-a-Hertz rate?" The per¬ 
son who asked was Profes¬ 
sor Ron Bracewell, and I sus¬ 
pect he knew the answer to 
the question at the time he 
asked. But the question was 
asked to get us graduate stu¬ 
dents thinking about it. 

Well, that fading, as you 
all probably already know, 
turned out to be the Faraday 
rotation of the satellite sig¬ 
nals. As a signal travels 
down, as it propagates 
through the ionosphere, its 
polarization is rotated and 
that produces the fading 
pattern which we see on the 


ground. It was very fortu¬ 
nate for me, as that turned 
into a dissertation topic in 
the next year or so. 

So I very well remember 
what happened that Octo¬ 
ber, and it certainly was a 
very exciting time, that eve¬ 
ning as well as for the next 
year or two, as we began to 
understand something more 
about how radio signals 
propagate through the iono¬ 
sphere. 

Spacelab Constraints 

Well, we could go on with 
some of the historical stuff, I 
think, for most of the after¬ 
noon. There's an awful lot of 
interest associated with it. 
But let me talk about events 
of more recent history, like 
in the last couple of months 
That is, specifically, what we 
were able to do on Space- 
lab. 

We were on duty for 12 
hours a day, and my ham ac¬ 
tivities were very carefully 
constrained to make sure 
that they did not interfere 
with any of our basic mis¬ 
sion objectives. I had a list 
of 12 items which could not 
be violated in terms of the 
ham operations, including 
such constraints as no more 
than an hour a day, never 
when I was on duty, and all 
these kinds of things. And as 
a matter of fact, there was 
no infringement of the main 
objectives of the flight. We 
did accomplish all of the 
scientific activities that we 
were scheduled to do—and 
more, in many cases—and I 


still managed to find a little 
bit of time for the ham activ¬ 
ities in the off-duty periods. 

STS-9 Equipment 

Now, some of you have 
perhaps already gotten the 
February QST, so you've 
seen a picture of the little 
hand-held transceiver that 
was used for the in-flight 
communications. I'll just 
mention a little bit about 
some of its characteristics. It 
was essentially a Motorola 
design, but it was built by in¬ 
dividual Motorola employ¬ 
ees during their off-duty 
time. It may have been a lit¬ 
tle bit modified from their 
standard design; I don't real¬ 
ly know. 

The radiated power was 
only 4 Watts, but in spite of 
that, the signal-to-noise cal¬ 
culations showed very good 
margins. I know the people 
here at San Jose City College 
had perhaps as good a cali¬ 
bration as any, and I think 
your numbers were some¬ 
thing like 40 to 43 dB signal- 
to-noise ratio. And certainly 
when we were in an attitude 
in which the antenna was 
pointed toward the Earth, 
people could hear from 
horizon to horizon with an 
excellent signal-to-noise ratio. 

The antenna that we used 
was also built by hams, 
these at the Johnson Space 
Center Amateur Radio Club. 
It was their own design. It 
was essentially a single split 
ring, and then the feedpoint 
was adjusted around that 




Dr. Owen Carriott W5LFL speaks at Foothill College about 
his STS-9 amateur-radio activities. (Photo by Urn Koski KT6W] 


split ring until the imped¬ 
ance was matched to the 
50-Ohm coax. The measured 
swr before the flight was 1.2 
or 1.3, something like that 
— really quite good. 

The antenna was mount¬ 
ed in a little dish about five 
or six inches deep and put in 
the overhead window in the 
aft flight-deck area, right be¬ 
hind the cockpit area. It 
worked extremely well I 
don't know what the real 
swr in flight was —I didn't 
have a meter—but it must 
have been very close to 
what we had measured prior 
to flight on the ground, be¬ 
cause the performance as 
near as we could tell was ab¬ 
solutely nominal and gave 
very good results. 

I had to take the antenna 
down after every operation, 
because it really filled up 
one of these overhead win¬ 
dows and the other crew 
members preferred to have 
the opportunity to look out 
instead of at the back of this 
metal dish. And so, after 
each pass on which I was us¬ 
ing it, I took it down and sort 
of taped it over to a side 
wall where it was out of the 
way. And then I just took a 
few minutes to put it right 
back up in the overhead 
window again when the next 
opportunity came along. 

U. S. Passes 

We had publicized, as I 
expect most of you know, 
what the most favorable op¬ 
portunities would be. We in¬ 
dicated that not all of those 
listed would be possible in 
flight, and that's the way it 
turned out. But still, most of 
my operations were among 
those that were listed in the 
pre-flight forecasts. 

We got an extra day ex¬ 
tended to the flight, and of 
course we had no predic¬ 
tions for those, but a lot of 
the good hamming opportu¬ 
nities came in just the last 
two or three days of the mis¬ 
sion. By that time, I think 
people pretty well knew 
how to use the orbital ele¬ 
ments that were transmitted 


by the ARRL, and I suspect 
most of you knew pretty 
well when the spacecraft 
would be coming over, be¬ 
cause certainly it sounded 
as though there were plenty 
of people on the ground 
who knew when to transmit. 

One of the most interest¬ 
ing passes came right down 
across the Mississippi Valley 
on either the last or next-to- 
last day in orbit. I've had re¬ 
ports from people on both 
the east and west coasts 
who were able to hear those 
transmissions. In this case, 
the antenna was pointed 
right down toward the Earth, 
and signals were received 
well beyond the actual geo¬ 
metric horizon Probably 
some refraction in the iono¬ 
sphere, a little bit of refrac¬ 
tion around the limb of the 
Earth, would account for 
the fact that the signals were 
really heard over a substan¬ 
tially larger distance than a 
geometric straight-line path. 

It also turned out that 
even when the antenna was 
pointed toward the sky, 
there was enough of a side 
lobe around the edges of the 
vehicle that some transmis¬ 
sions could be heard on the 
ground, and vice versa, al¬ 
though of course signal lev¬ 
els were very much lower 
than when the antenna was 
pointed in an optimal direc¬ 
tion. 

Special QSOs 

A number of special con¬ 


tacts were established. For 
example, I talked with my 
home ham club in Enid, Ok¬ 
lahoma, W5 Hot Tea Kettle, 
where I started when I was a 
teenager. My mother was at 
the shack, so I had a few mo¬ 
ments to exchange a greet¬ 
ing with her. And on the 
same pass, headed toward 
the southwest, we passed 
over the Johnson Space Cen¬ 
ter where my sons were at 
the local ham club. So it pro¬ 
vided an opportunity to ex¬ 
change a few words with 
them. 

I think most everyone 
knows that Senator Barry 
Coldwater has been very im¬ 
portant to our ham activities 
by supporting ham interests 
in Congress I had a special 
opportunity to talk with him 
for a few seconds passing 
down the east coast. And al¬ 
so, very fortunately, I talked 
with W1AW. They were 
competing right along with 
everybody else and man¬ 
aged to show up on one of 
the published frequencies. 

King Hussein was another 
interesting brief conversa¬ 
tion. Of course, there's not a 
lot of competing activity fly¬ 
ing over the Near East, so I 
didn't have too much trou¬ 
ble having a very nice brief 
conversation with him. 

Shuttle Communications 

One final contact ! want 
to mention came when we 
were flying over Australia. 
One of our astronaut per¬ 


sonnel, Dr. Joe Kerwin, is on 
assignment in Australia near 
the NASA tracking station at 
Canberra. We talked with 
the hams there, and they 
went out and set up a fairly 
high-gain antenna at one of 
their tracking locations—it's 
still ham gear, howev¬ 
er—and I prearranged a 
time and frequency to meet 
with them. 

We had it arranged that 
I'd set up the communica¬ 
tion via the ham link, but 
then they would patch me in 
via their federally-leased 
telephone lines back to the 
capcom [capsule communi¬ 
cator] in Houston. So I 
talked to Joe briefly and to 
all the hams at that station, 
and then they patched me in 
to the federal line and I 
talked to the capcom, who 
was communicating with 
the spacecraft via the nor¬ 
mal channels from the con¬ 
trol center in Houston. And 
the quality of that transmis¬ 
sion was better than the nor¬ 
mal Ku-band transmissions. 
It very much impressed the 
other members of the flight 
crew and the flight com¬ 
mander, John Young. 

John is also the head of 
the Astronaut Office, and I 
think there really is a gen¬ 
uine interest in the possibili¬ 
ty of having something like 
this available for a backup 
communications mode in 
the future. Whether or not 
anything develops from 
that, I don't know. But I 
think his interest is signifi¬ 
cant, and others in the 
NASA administration have 
also mentioned that to me. 

Advantages of 2 Meters 

I think 2 meters was a 
good choice for the opera¬ 
tion. Some people have 
asked me since, "Well, 
shouldn't we go to higher 
frequencies?'' or "Shouldn't 
we go down to HF and look 
for more interesting propa¬ 
gation effects?" All those 
things are interesting to 
think about, and we might 
want to consider something 
different on another occa- 
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sion. But for this first oppor- so extremely important 

tunity, I think 2 meters was from the practical stand- 

exactly the right choice. point of trying to pick out 

First of all, the Doppler one or two stations from 

shifts are about plus-or- maybe a hundred that were 

minus 3.5 kHz, and if you calling on each of the uplink 

can imagine using anything frequencies. So the FM 

other than an FM receiver transceiver at 2 meters was 

—say, single sideband— really an ideal choice for 

you'd be continually trying this first effort 
to track and take out that 
Doppler shift, both on board Future Changes 
and on the ground. It would All in all, it's just hard to 
be a terrible job. With all the imagine how we might have 

hundreds of signals being re- done things much different- 

ceived and everybody hav- ly, although I do want to 

ing different Doppler shifts, make a couple of points 

it would be a hopeless task, about that. 

Working with an FM dis- First, you'll see in that pic- 

criminator, of course, any ture on QST that I was oper- 

place you operate along the ating with a very lightweight 
passband of the center part headset just a little single 
of that discriminator circuit bar over my head with one 
it'll take out the Doppler earpiece and a little sponge 
shift for you. So that was an underneath that. This was 
enormous advantage imme- designed for working in the 
diately. spacecraft so that I could 

And the second thing hear all the other things go- 
about an FM circuit is that it ing on around me. That was 
also tends to select the important for using it in a 
strongest signal and sup- spacecraft environment for 
press the others. That was al- other purposes, but it was a 


difficulty in working with had plenty of good signals 
ham equipment There was there, but no opportunity to 
too much outside noise, inhibit the squelch. So that is 
What I really needed was a the one design feature that 
pair of good headphones I'm sure we would change 
that would really isolate me the next time around, 
from the outside world. 

And then, the only really 

serious thing, there was no Outside of that, things 
variable adjustment on the went really beyond our ex¬ 
squelch circuit in the trans- pectations. Every objective 
ceiver. And the squelch cir- we set before the flight was 
cuit operated such that it achieved during the time I 
compared the signal at the was able to operate. I was 
center of the band with on the air for something like 
what it interpreted to be four or five hours total, and 
noise coming in from the during that interval, some- 
outer edges of the passband. thing like 350 two-way con- 
Well, with plus-or-minus 3.5 tacts were established. And 
kHz, all these other signals the ARRL has about ten 
coming in provided what the thousand requests for SWL 
receiver thought was a lot of reports So it was really very 
extra noise in the fringes of widely participated in by 
the passband. Therefore, it both hams and SWLs. It was 
would often decide, "Well, a marvelous opportunity 
the signal isn't stronger than and a great pleasure for me 
the sideband noise, there- to have had this chance to 
fore I'll turn on the squelch, operate from space. And I'm 
because it's not a strong sig- just sorry I'm couldn't have 
nal." And that way. the had a two-way with every 
whole receiver would be one of you who tried to con- 
deadened, whereas really I tact me.■ 


MIZUHO SX-3 Low-IMoise Pre amplifier. 


Features: 

■ Covers continuously between 3MHz and 30MHz with 3 selective bands. 

■ Improves weak signal reception while reducing image interference and 
rejects out-of-band signals. 

■ RF gain control and attenuator reduces the cross modulation. 

■ Usable with transceiver with a remote control or also applicable with 
short-wave receiver with high impedance output. 

Specifications: 

Frequency Range : 3-30MHz (3 bands: 3-7MHz, 7-14MHz, 14-30MHz) 

RF Gain : Over 15dB, adjustable by RF gain control 

RF Attenuator :10dB 

Input Impedance : 50-Ohm 

Output Impedance : Low (50-Ohm) & High (Ik-Ohm) 

Stand-by : Remote control (Relay ON' when receiving) 

Handling Power : 100W (CW) maximum 

Power Source : 117/220/240VAC 50760Hz 

Dimensions : 195mm (w) x 62mm (H) x 152mm (D) 


$79.90 

To order direct include $3.00 shipping and handling. From California add 
sales tax. VISA/MasterCard orders are welcome. We will pay shipping 
charges for all prepaid orders. NO C.O.D. please. 


■in ramnumiriUfnns. Jnr. 
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Better the R-70 

At your own risk, you can soup up one of I corn's 
super receivers. How to do it was not read here. 


Tom Carlson KT4AQ 



B eing an avid SWBC 
DXer, I have read with 
interest in many publica¬ 
tions the consistently favor- 



Fig. 1. 


able reviews given to the 
new Icom R-70 HF receiver I 
have been SWBC DXing for 
a period of time using a 
high-quality portable receiv¬ 
er, but I finally reached the 
point where I needed to up¬ 
grade to another level to 
snatch some of the weaker 
stations I sought. With this 
idea in mind, I recently pur¬ 
chased an 1C R-70 and have 
been having a ball ever 
since. 

Photos by 



Completed conversion. The switch may be accessed with 
ease through the top trapdoor. 
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In the AM mode of opera¬ 
tion, the passband tuning 
allows the passband to be 
varied from 6 kHz to 2.7 
kHz. In the SSB mode, the 
passband can be varied 
from 2.3 kHz to 500 Hz. This 
is indeed sufficient for many 
applications, yet it seems 
that many of the rarer DX 
stations that I sought were 
sandwiched between two or 
more powerhouse SWBC 
stations at ± 5 kHz. Need- 

D. A. Carlson 


less to say, the resultant co¬ 
channel interference would 
many times render my de¬ 
sired station unintelligible, 
in spite of the passband 
tuning. 

It was at this point that I 
pulled out the schematic 
diagram and began investi¬ 
gating the possibility of 
switching in the narrower- 
bandwidth ceramic SSB fil¬ 
ter instead of the standard 
ceramic AM filter. 

The steps that follow will 



Routing of wires from the switch to their respective connec¬ 
tion points. 







Wires connected as per schematic diagram. 


Mounting bracket formed from a bent spring clip. 


describe the modification of 
the Icom R-70. At the 3rd i-f 
of 455 kHz, the SSB filter of 
2.3 kHz will be switch-se¬ 
lectable to replace the stan¬ 
dard AM 6-kHz filter. While 
this cut down on the fidelity 
of music and some voice 
transmissions, in many cases 
it dramatically reduced the 
co-channel interference prob¬ 
lem. It allowed me to pull 
more than a few signals out 
of the mud. Physically, no 
components are removed 
and nothing is done to the 
receiver that cannot be 
reversed, 

The parts and tools re¬ 
quired are: 

• 1 DPDT toggle switch 
(small)—ALCO MTB206N or 
equivalent 

• 2 feet of hook-up wire 
( 20-24 gauge) 

• Solder sucker or solder 
wick 

• Needle-nose pliers 

• Side cutters and wire 
strippers 

• Phillips screwdriver 

• Soldering iron and solder 

• Schematic diagram 

• Parts layout diagram 

1. Remove the 12 screws 
that attach the top cover to 
the chassis of the receiver 
and lift the cover off. 

2 Remove the 7 screws 
that hold the main circuit 
board in place and lift up 
the main circuit board. The 
wiring harnesses connected 
to the circuit board do not 
have to be removed. 


3. With the parts layout 
diagram and schematic dia¬ 
gram, locate R81, R75, D46, 
and Q12 on the main circuit 
board, 

4. Using the solder sucker 
or solder wick and needle- 
nose pliers, lift the end of 
R81 that is soldered into the 
same foil track that holds 
the anode of D46. 

5. As in step 4. lift the end 
of R75 that is soldered into 
the same foil track that 
holds the collector of Q12 

6. Cut 4 6-inch pieces of 
hook-up wire. Solder wires 
to the following points: 

(a) the free end of R81 

(b) the free end of R75 

(c) the hole that formerly 
held the end of R75 

(d) the anode of D46 

7. These 4 wires will be 
soldered to the DPDT switch 
as shown in Fig. 1. The wires 
should be routed and 
dressed neatly to where you 
elect to mount the switch. 
The photos will demonstrate 
one possibility. 

I mounted my switch to 
one of the screws that hold 
the main circuit board into 
place A bracket was formed 
from a spring clip bent to 90 
degrees, a 1/4-inch stand-off 
spacer, and a long bolt with 
lock washers. This held ev¬ 
erything to the main circuit 
board and chassis (see 
photos). Use your imagina¬ 
tion on this one and see 
what you can come up with 


from your junk box. I am 
able to access the switch 
with ease through the trap¬ 
door in the top cover. 

In one position, the cir¬ 
cuit is in its normal config¬ 
uration. In the other posi¬ 
tion, the SSB filter is substi¬ 
tuted for the AM filter to 
greatly improve selectivity. 
It must be kept in mind that 
this conversion affects the 


AM mode only The switch 
must be returned to the nor¬ 
mal position when other 
modes are used although no 
harm will occur if the switch 
is mistakenly left in the 
"narrow" position. 

This option has proven in¬ 
valuable on a number of oc¬ 
casions and improves on 
what is already an excep¬ 
tional receiver.! 


f QUALITY PARTS AT DISCOUNT PRICES! 1 

SUB-MINIATURE 

D TYPE CONNECTOR 
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“PARALLEL" PRINTER 
CONNECTOR 
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KEY ASSEMBLY 

saa^, 6 ,g v 

SOLID STATE 
RELAYS 

2 AMP li t" 

1 , r; h 

120V INDICATOR 

BCD DIP SWITCH 

75C EACH 

djjaagaasEEsl 

mkm 


MINIATURE TOGGLE SWITCHES 
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—' n # ii § 
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INTERLOCKING 
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{IN CALIFORNIA: 1-800-258-6666) -*20 
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Elegant Rotating 

K9AZG did it right W4RNL makes it better. 
For sightless and sighted hams alike ; this update 
to a 1982 article will be revealing. 


L. B. Cebik W4RNL 
2514 Dereck Drive, Apt. H-1 
Knoxville TN 37912 


A simple and elegant so¬ 
lution to setting beam 
headings for both blind and 
sighted hams is the K9AZG 
automatic beam aimer (73, 
November, 1982). With a 
few voltage comparators, 
transistors, and relays (plus 


the usual passive and pow¬ 
er-supply components), the 
device controls CDE and 
similar rotator control boxes 
so that by setting a single 
potentiometer, the operator 
can step back and relax as 
the beam turns to the de¬ 
sired heading and stops. 
Sightless hams now have an 
easy way to determine 
beam headings reliably, 
while the sighted ham can 
use the beam-turning time 



Photo A. The completed beam aimer sits atop the rotator 
control box at the W4RNL operating position. The ac switch 
and power LED are to the left and the clockwise and counter¬ 
clockwise LEDs are to the right. The center knob is the direc¬ 
tion control prior to the addition of calibration markings. 
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for tune-up, logging, and 
other activities. 

The original automatic 
beam aimer used two sec¬ 
tions of an LM339 quad volt¬ 
age comparator to detect 
the desired change of direc¬ 
tion, as shown in Fig. 1. (Fig. 
1 is redrawn from the origi¬ 
nal to show the individual 
comparators.) Each compar¬ 
ator controls a transistor 
switch and relay which in 
turn control the clockwise 


and counterclockwise switch¬ 
es of the CDE box. Like any 
good idea, we can improve 
upon the original and over¬ 
come some potential prob¬ 
lems. This article describes 
some improvements which 
will prevent a few problems 
that some CDE rotator own¬ 
ers may encounter with the 
original design. 

The Basic Idea 

The basic idea behind the 



Photo B. An interior view of the quick-fixed beam aimer with 
the improvement board to the right. The front perfboard con¬ 
tains the power supply and circuitry, while the rear board 
contains the relays (only two needed for the CD-44). 



automatic beam aimer ap¬ 
pears in Fig. 2. The 500-Ohm 
potentiometer in the rotator 
head changes value with di¬ 
rection, standing at mid¬ 
scale when the beam points 
north and at one of the ex¬ 
tremes as the beam points 
south. Fed by an unground¬ 
ed 13-volt supply, the rotat¬ 
ing arm creates a ground, 
thus changing the voltage 
across the left and right legs 
of the pot as the beam 
moves. From extreme point 
A to center we get a nega¬ 
tive voltage; from point B to 
center we get a positive vol¬ 
tage; and the absolute val¬ 
ues of the two add up to 13 
volts. 

A second potentiometer 
across the rotator pot (say, 
about 25k) will read 13 volts 
across its extremes. More 
significant for beam aiming, 
the voltage between the 
moving arm and ground will 
be zero when the arm and 
the rotator pot arm are equal 
percentages away from the 
same extreme point If the 
beam points north and the 
second pot is mid-scale, the 
voltage at the second pot 
arm will be zero. If we move 
the second pot counter¬ 
clockwise, leaving the beam 
north, we will show a posi¬ 
tive voltage. We get a nega¬ 
tive voltage if the second 
pot arm is clockwise with 
respect to the beam head¬ 
ing. Together, these voltages 
allow us to turn on one of 
two relays that close in par¬ 
allel to the CDE switches, 
thus activating the rotator. 
That is the function of the 
K9AZG circuit. 

The maximum voltage 
that the comparators in Fig. 
1 can see is either plus or mi¬ 
nus 13 volts. When the an¬ 
tenna is counterclockwise 
south and we move the sec¬ 
ond pot arm clockwise to 
the other extreme, the arm 
shows —13 volts to ground 
In the opposite condition, 
when the antenna is clock¬ 
wise south and the pot is ful¬ 
ly counterclockwise, the arm 
shows +13 volts. If both the 
antenna and the second pot 



Fig. 2. The basic elements of beam aiming 


are at either extreme, the 
pot arm ideally shows zero 
volts. 

Design Limits and 
Quick Fixes 

Unfortunately, only some¬ 
times can we achieve the 
ideal conditions noted above. 
There are two design limits 
to the original beam aimer 
that may present problems 
to some hams. First, the CDE 
rotators have limit switches 
to shut off either clockwise 
or counterclockwise rota¬ 
tion at the south heading. 
Among other functions, the 
limit switches serve to keep 
us from wrapping antenna 
cables like vines around the 
rotator and mast stub. The 
limit switches may leave 
some residual voltage at ei¬ 
ther end of the scale. Imag¬ 
ine that the limit switches 
cut off the rotator at posi¬ 
tions X and Y in Fig. 2. If the 
second pot is at its extreme, 
some small voltage will exist 
and the relay will not open, 
K9AZC counters this at one 
end of the scale with a cali¬ 
bration pot, but the other 
end of the scale goes to 
ground. 

The quick fix for this 


problem is the substitution of 
a low negative-voltage cir¬ 
cuit to replace the ground 


connection of pin 7 of the 
LM339. Fig. 3 shows a suit¬ 
able circuit using minimal 


Photo C. An interior view of the improved beam aimer shown 
from the opposite side of the case. The new input board 
stands on half-inch pillars over the LM339 socket and tran¬ 
sistors. The feedthrough barrier strip for rotator<ontrol-box 
connections is visible at the rear of the cabinet. 

73 Magazine • June, 1984 61 





Fig 4. Input changes to reduce excessive negative voltage. 


Fig 3. Eliminating residual negative-voltage effects. 


components. The 20k pot 
trims the clockwise limit 
voltage to match the rotator 
cutoff point. 

The second design limit 
concerns the LM339. This 
quad voltage comparator is 
not designed for negative in¬ 
put voltages on either the 
signal or reference lines. 
National Semiconductor lim¬ 
its negative excursions to 
—03 volts in their rating 
sheets. Experiments on half 
a dozen 339s in the shack 
showed that between 6 and 
8 volts negative input, the 
comparator would cut off. 
There was no permanent 
damage, and the 339 sec¬ 
tion would come back on 
when the negative voltage 


dropped below the limit 
toward zero. 

The effect of this limita¬ 
tion is that when the anten¬ 
na is fully counterclockwise 
and the second pot arm 
goes fully clockwise, the 
comparator and its relay 
open up as the second pot 
passes eastfi.e , about —7.5 
volts). Thus, a rapid excur¬ 
sion from southwest to 
southeast might result in 
nothing happening or might 
require directional adjust¬ 
ments in small steps. 

The quick fix for this de¬ 
sign limit is to keep the sec¬ 
ond pot arm voltage less 
than the comparator limit. 
Adding a 470k resistor be¬ 
tween the 22-pF capacitor 


and the branching 100k re¬ 
sistors to the comparator in¬ 
puts, as shown in Fig. 4, will 
keep the maximum voltage 
below 7. The beam aimer 
becomes a bit less sensitive 
since now each volt repre¬ 
sents around 50 degrees of 
rotation rather than 28 de¬ 
grees. However, control is 
positive, and precision re¬ 
mains quite adequate. 

For those hams using the 
CD-44 and similar rotators, 
the third relay in the K9AZG 
design is unnecessary since 
there is no separate brake- 
solenoid circuit to control 
and no required delay be¬ 
tween the direction switch 
and brake-switch release. To 
discover whether your rota¬ 
tor requires the third relay, 
check the rotator schematic 
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in the operator's manual. If 
pin 2 in the rotator is not 
connected to a brake cir¬ 
cuit, then the unit uses an 
automatically-engaging disc 
brake. For this class of rota¬ 
tor, the extra relay contacts 
in the clockwise and coun¬ 
terclockwise switch relays 
may be connected in paral¬ 
lel and used to control di¬ 
rectly the "brake" switch, 
which actually is a master 
ac switch for the rotator. 
Use K9AZG's precautions of 
bringing the ac to a female 
socket on the CDE control 
box rear panel and then to 
the beam-aimer cabinet 
Fig. 5 shows all the modi¬ 
fications combined in a unit 
that works well with the 
CD-44 rotator. These quick 
fixes, however, are not the 
best possible design for the 
beam aimer. 

Improving the 
Beam-Aimer Design 
The automatic beam aim¬ 
er can be more generally im¬ 
proved by a little redesign. 
Fig. 6 shows the full set of 
improvements. First using 
LM311s with a dual supply 
from one 12-volt transform¬ 
er is simple enough, and it 
provides for both positive 
and negative trimming of 
the voltage-comparator ref¬ 
erence lines as well as per¬ 
mitting the 311 to accept a 
+13- to —13-volt excursion. 
The uncommitted collector 
of the 311 output allows for 
a zero-to-positive output 
swing to control the switch¬ 
ing transistors. This design 
thus overcomes both limita¬ 
tions of the original. 

Second, a slight redesign 
of the delay circuit for the 
brake control (which is 





needed for larger rotators 
using brake solenoids) will 
overcome a further poten¬ 
tial problem. The slow de¬ 
cay of the base voltage in 
the orginal brake-relay cir¬ 
cuit can create contact 
chatter and possible arcing 
as the coil voltage drops in 
the transistor-collector cir¬ 
cuit Additionally, the tran¬ 
sistor may draw an excessive 
load while the base voltage 
drops through the linear 
range toward cutoff. To cre¬ 
ate a very positive switching 
action, we need add only 
one more LM311, using it to 
set the delay. Its output 
switches rapidly, turning the 
transistor on and off with 
equal speed. In addition, we 
can add a variable delay to 
the 311 circuit and choose a 
value with the printed-cir¬ 
cuit-board pot during initial 
adjustment 

Construction 

Construction of the beam 
aimer in any version is 
straightforward and well 
covered by K9AZC. Perf- 
board works well for proto¬ 
types, although printed-cir¬ 
cuit-board versions would 
make an excellent club proj¬ 
ect. The photos show the 
W4RNL layout. In both pho¬ 
tographs, the rear board 


Part 

Transformer, 12 V, 300 mA 
Ac switch, SPST toggle 
Fuse, 3AG, 1/8 to 1/4 A 
Fuse holder, clip-in 
1N4001,50-piv power diode 
7812 12-V regulator 
7912 - 12-V regulator 
6-V zener diode, 1 W 
1000-fiF, 25-V electrolytic capacitor 
470-jiF, 16-V electrolytic capacitor 
22-pF, 16-V electrolytic capacitor 
5fiF, 16 -V electrolytic capacitor 
1 -mF, 50-V tantalum capacitor 
.1-*iF, 50-V tantalum capacitor 
LM339 quad comparator 
14-pin DIP socket 
LM311 voltage comparator 
2N2222, NPN switching 
transistor, TO-92 
8-pin DIP socket 
1N914 silicon signal diodes 
LEDs, colors to suit 
Relay, 12-V, 75-mA coil, 

DPDT 3-A contacts, socket 



Fig. 6. An improved automatic-beam-aimer design. 

containing the relays for a cuitry was omitted. The for- 
CD-44 rotator is mounted a ward board containing the 
full inch above the case bot- power supply and compara- 
tom to clear the socket pins, tor circuit rests on half-inch 
For the CD-44, the delay cir- pillars to ease front-panel 


connections. Almost any oth¬ 
er configuration will work as 
well. Follow K9AZG's cau¬ 
tions with respect to ac con¬ 
nections to the rotator-con¬ 
trol-unit brake switch, wheth¬ 
er or not it actually controls 
the brake in your unit 
One photograph shows 
the beam aimer with quick 
fixes prior to modifications 
for the LM311 comparators. 
To one side of the LM339 
board is the LM311 circuitry 
board which supplanted the 
quick-fix version of the aim¬ 
er in the case. The new 


Parts List 


Quantity Radio Shack 
Fig. 5 Fig. 6 Number 

1 1 273-1385 

1 1 2754512 

1 1 170-1270 

1 1 270-739 

2 2 276-1101 

1 1 276-1771 

1 

1 276-561 

1 2 272-1032 

1 272-1030 

1 1 272-1026 

1 272-1024 


276-1617 

276-1995 

276-1620 

276-1622 


Terminal strip, barrier or 

feedthrough, 8 contact 1 1 274-653 

25-kilohm potentiometer, 
panel mount, and knob 1 1 

20-kilohm PCB potentiometer 2 2 217-336 

1-megohm PCB potentiometer 1 217-338 

220-Ohm, 1/4-W resistor 1 

1- kilohm, 1/4-W resistor 5 6 

2- kllohm, 1/4-W resistor 1 

10-kilohm, 1/4-W resistor 3 5 

15-kilohm, 1/4-W resistor 2 

75-kilohm, 1/4-W resistor 2 2 

100-kllohm, 1/4-W resistor 2 2 

470-kilohm, 1/4-W resistor 1 

1-megohm, 1/4-W resistor 2 2 

Case, about 5' wide, 6' 

deep, 3'high 1 1 270-253 

Perfboard (cut from 4V4 * 

by 6', or make PCB) 1 1 276-1394 

Miscellaneous wire, rotator cable, solder, terminal pins, ac cord, 


‘Note: Parts not listed with R.S. numbers are available from DigiKey, 
Jameco, and other mail-order sources; or experiment with the 
nearest available value. 

Total estimated cost with new parts: $25 to $35. 
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board contains its own nega¬ 
tive regulator, replacing the 
low-voltage zener used in 
the quick-fix versions, as 
well as the 311 comparators 
and new input resistors. 
Removing the 1C from the 
original version permitted 
easy substitution of the im¬ 
proved circuit Except for a 
power lead to the negative 
supply and an input lead 
from the direction potenti¬ 
ometer, all other connec¬ 
tions go through a DIP cable 
and plug into the vacated 
LM339 socket. As the sec¬ 
ond interior photo shows, 
the new board mounts 
above the 339 socket and 
transistors on half-inch pil¬ 
lars. The increased sensitivi¬ 
ty to small knob rotations, 
with preservation of all of 
the quick-fix benefits, made 
the installation well worth 
the effort 

The mode of construction 
illustrated in the photo¬ 
graphs resulted from contin¬ 
uing experimentation with 
the circuitry. I do not recom¬ 


mend it except as an exam¬ 
ple of how noncritical dc cir¬ 
cuits are with respect to 
layout Any convenient lay¬ 
out will do, including possi¬ 
ble installations inside the 
CDE rotator cabinet 

These design improve¬ 
ments are slight overall but 
they may serve to keep a 
first-time builder from grow¬ 
ing discouraged in the pro¬ 
cess of trying the automatic 
beam aimer. Without know¬ 
ing where to look for clues, 
the source of anomalies can 
be frustrating. However, 
K9AZG's basic idea is both 
sound and elegant in its sim¬ 
plicity. So too were his mo¬ 
tives. If you know a sightless 
ham who needs a better way 
to control his or her beam 
direction, follow K9AZG's 
lead and build a version of 
the automatic beam aimer. 
The satisfaction of helping a 
fellow ham get additional 
fun out of operating will 
more than repay the small 
investment in easily-avail- 
able components. ■ 


GLB 


Now you can get 

in on the fun on 

packet radio! 


PACKET RADIO 
CONTROLLER 



MODEL PK-1 wired & tested w/4K RAM $149.95 

Additional memory (up to 14K total) 10.00/2K 

Manual only-credited with purchase 9.95 

(add $2.00 tor shipping) 

RTTY adapter board 12.95 

Custom cabinet—includes installation ot TNC, on/ott 
switch, LED pwr indicator, reset button & pwrjack 24.95 
Dimensions: 4.5 x 9.5 x 1.5 inches 
Pwr required: +12 VDC, approx. 200 ma. 

Contact GLB for additional info and available options. 
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Ernie Franke WA2EWT 
63 Hunting Lane 
Goode VA 24556 


Requiem for the Tube 

This pleasing project is perfect for pentodes. 
It could be the last time you use them. 


A round the shacks of tubes. Most of them are too dig out of those shoe boxes is both functional and at- 

most amateurs, one small to be made into those nostalgic reminders tractive. Combining the 

easily can find numerous lamps and too large for a tie of the good old days and do beauty of nature's wood 

antique oddball electron clasp. But still, you want to something with them which with the glass and metal of 



Klystron. 


c < n/r 






"Family scene." 


man in the form of book- 
ends is a good example 
which should please even 
the most discerning XYL. 

First, you need to visit 
your local lumber yard to 
purchase six-inch by one- 
inch-thick shelving. (Even 
though it is called 1", it 
measures only J /<" thick.) 
The material is then cut 
into two 6 Vi " and two 4 Vi" 
lengths. Then, using a band¬ 
saw and chisel, a blind 
dovetail mortise is formed 
as shown in Fig. 1. Note that 
the dovetail is only Vi* 
deep so that it doesn't even 
appear on the inside of the 
bookend. Each piece is then 
sanded, and holes are 
drilled for the tube sockets. 
The two pairs of wood 
pieces are then glued and 
nailed together before ap¬ 
plying stain and varnish. 

Next, a plate is attached 


to the bottom of the book- 
end using contact cement. 
This plate, which keeps the 
bookend from sliding, can 
be made of thin aluminum 
or wood veneer. 

Finally, the tube sockets 
are screwed down into the 
drilled holes. For some 
large tubes such as the 
4-400A variety, one might 
simply drill the 5 holes for 
the tube pins and then glue 
the tube in place. 

There are several good 
candidates for old tubes: 
medium-power transmit¬ 
ting tubes such as the 
4-125A, 1625, 807, and 24C; 
klystrons such as the 2K25, 
2K26, and 417B, which look 
like miniature robots; light¬ 
house tubes such as the 
2C39, 2C40, and 2C43; and 
acorn tubes such as the 954 
through 959 series. A family 



Fig. 1. 

scene of tubes with two the RK-34 (father), 2C26 
plate caps was formed on (mother), and HY75A or 
one set of bookends using HY114-B (baby) tubes.® 


AMATEUR AND COMMERCIAL 
COMMUNICATION SERVICES 


••Technical assistance by F.C.C. licensed technicians 
using the finest repair, test, and alignment equipment 
to give you results you can count on. 


•ALIGNMENTS 

•TESTS 

•EVALUATIONS 


•MODIFICATIONS 

•INSTALLATIONS 


•'F.C.C. Licenses; 

'General Radiotelephone (ship radar endorsed) 
'Second Class Radiotelegraph (ship radar and aircraft 
radiotelegraph endorsed) 

•Amateur Extra Class 


13313 FOREST HILL RD. 
GRAND LEDGE, MICHIGAN, 48837 

I Geff N8CE 

i 6-10 P M 517-626-6044 

f Sun. thru Thurs. 


73 Magazine • June, 1984 69 




Ken Kolthoff KBAXH/7 
1103 Carlson 
Cheyenne WY 82009 


New Orders for the R-109 

Two bucks and ten minutes are all it takes 
to re-enlist a vintage receiver. 


T he R-108, R-109. and 
R-110 FM Army surplus 
receivers are readily avail¬ 
able, very well constructed, 
and best of all, inexpensive. 
They are broadband FM sets 
covering 20 MHz to 55 MHz, 


depending on which set is 
used. These sets can be used 
with no conversion on 6- or 
10-meter FM. They are fully 
tunable over their full range. 
1 have had good results us¬ 
ing them on various proj¬ 


ects, including converting 
an R-109 to SSB for IO meter 
use. The sets are very sen¬ 
sitive, using mostly one-volt 
filament tubes. All of the 
receivers I obtained came 
with a 24-volt plug-in power 


supply (PP-282) which draws 
about 4 Amps, This is an in¬ 
convenient voltage and cur¬ 
rent for mobile use or fixed 
operation when only 12 
volts at low current is 
available. 

Converting the 24-volt 
plug-in power supply to 12 
volts is easy, quick, and in¬ 
expensive. The only part re¬ 
quired is a Radio Shack 
1-Amp, 400-volt bridge rec¬ 
tifier, catalog number 276- 
1173, at $1.89. This plus a lit¬ 
tle solder and wire is all that 
is needed. After the conver¬ 
sion, the unit draws only 1.5 
Amps with 12-14 volts input 

Power supply PP-282 is lo¬ 
cated in the receiver as a 
plug-in unit Remove the re¬ 
ceiver from the case by turn¬ 
ing the six hand screws 45 
degrees, then pulling the re¬ 
ceiver out Loosen the three 
retaining screws, slide the 
retaining bar over, and pull 
out the supply by the wire 
handle. Remove four screws 
to gain access to the supply. 
Two are on the lower back 
and one each on the top and 
bottom of the front The 
bottom plate is then re¬ 
moved and the upper cover 
pulled off. 

Under-the-chassis changes 
are covered first The com¬ 
ponents are conveniently 
marked—thank you, US Ar¬ 
my. Check each step as you 
proceed. 

1) Solder a wire across the 
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Bottom view with the modified power supply in place. 


large 1.6-Ohm resistor, R2, 
shorting it out of the circuit. 

2) Disconnect the three 
wires (2 yellow, 1 red) from 
terminals 4, 5, and 6 of 
power transformer T1. 

3) Solder the yellow wire 
formerly on pin 4 of T1 to 
pin 6 on vibrator socket X3. 

4) Solder the yellow wire 
formerly on pin 6 of T1 to 
pin 1 on socket X3. 

5) Solder the 1-Amp, 400- 
volt bridge wires marked ac 
to terminals 4 and 6 on T1. 


6) Solder the wire on the 
rectifier marked — (nega¬ 
tive) to ground, pin 7 of 
socket X3. 

7) Solder the red wire 
formerly on pin 5 of T1 to 
the + (positive) wire of the 
rectifer. 

8) Turn the supply over 
and make two changes to 
power plug XI. 

9) Move the bare wire from 
pin 6 of XI to pin 5 of XI. 

10) Solder a wire from pin 
3 of XI to pin 2 of XI. 


11) Reinstall the power- 
supply cover and base plate 
and plug the unit into the re¬ 
ceiver; tighten the retaining 
bar screws. 

12) In the receiver, be sure 
that switch SI is in the 
6/12/24-volt position. 

13) On the outside of the 
receiver, install a jumper 
wire into the Receiver Con¬ 
trol plug between pins J and 
H. Leave the insulation on 


the center of the jumper 
because 100 volts lives 

14) Put the receiver back 
into the case and apply 12- 
14 volts dc plus to pin B, 
negative to ground, pin C, 
on the power plug. That 
completes the conversion to 
12-14 volts dc.B 
Author’s note: The power-supply 
conversion also works with the 
RT-70 6-meter FM transceiver. 


















Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign corre¬ 
spondents, we present the lat¬ 
est news In DX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams In other 
countries. 

If you would like to contribute 
to your country's column, write 
to your country’s correspondent 
or to 73: Amateur Radio's 
Technical Journal, Pine Sfreef, 
Peterborough NH 03458, USA, 
Attn: Jack Burnett. 


Palombo LU3FG, and Carlos Rodriguez 
Ronaldo Silva LU3EDZ checked and pre* 
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lames B. /ohnston K6APW 
102 6 Peralta Avenue 
Albany CA 94706 


Try Quality Code 

Using this Mod III update is much simpler 
than saying its title trenty times. 


Y ou TRS-80 Model III us¬ 
ers who didn't "patch" 
the fine keyboard program 
written by Louis Graue 
K8TT (73, July, 1982) have 
possibly missed a nice sta¬ 
tion addition. I did not like 
the messy screen that the 
original patch-up left me, so 
this insert was written. Lou 
has graciously tested this 
and a previous version and 
reports this one runs fine on 
his Model I also. 

The two models have 
partially different ROMs 
and the calls used to de¬ 
code the miscellaneous 
keys read in 3840H memory 
location give invalid data 
for the Model III. This sub¬ 


stitution instead continues 
the software decode. 

To keep the video in sync 
with the sending program, 
unshifted arrows other than 
backspace are ignored. At¬ 
tempts to use expanded 
video by loading 07H in line 
3570 (right arrow) gave dif¬ 
ferent, though equally fa¬ 
tal, problems for both mod¬ 
els. The 10H in the listing, 
when shifted, will give an 
"extra" space bar. Sending 
"clear" directly to video 
memory bypasses a ROM 
routine that actually clears 
the screen. I retained it as is 
since it is not destructive. 

If your editor doesn't re¬ 
number on line collision, use 
a smaller step for your inser¬ 


tion and renumber from the 
top when finished. The pro¬ 
cedure-delete lines 3260 
through 3550 and insert the 
listing shown here. 

If you have included the 
comment lines, the renum¬ 
bering will give an easy- 
to-read two-hundred off¬ 
set to SCHR and following 
lines. Lou and I both expe¬ 
rienced symbol table over¬ 
flow when assembling—not 
enough memory. After sav¬ 
ing the source file, eliminate 
as many comments or com¬ 
ment lines as necessary to 
free memory. 

New Information 

Lou passed along from 
John Meade W2XS support 


of BT, AA, AR, and SK. 
Change the data in the fol¬ 
lowing lines: 

Line Character Key 
2450 BT = 0D1H 

2580 AA = 0E5H 

2590 AR = 0CAH 

2610 SK = 85H 

I key my solid-state trans¬ 
ceiver directly with one 
2N2222 driven through a 
2.2k-Ohm base resistor by 
substituting a two (02H) for 
the zero in lines 220, 1290, 
1590,1770, and 1960 of the 
original listing. This change 
gives a true zero out instead 
of 0.4 volts. 

Good luck and I hope to 
hear some Model III key¬ 
boards soonJI 




Program listing 

3480 


CP 

03H 






3490 


JR 

Z,UP 


Delete lines 3260 through 3550: 


3500 


JR 

NC.DN 






3510 


CP 

01H 


Insert: 



3520 


JR 

Z.CLR 






3530 


JR 

NC.BK 


3260 

;KEYSCN insert for K8TT CW KEYBOARD of 

3540 


JR 

SCHR 

;no ENTER, already NUL 

3270 

;73 MAGAZINE 

July 1982 


3550 

LF 

LD 

A.08H 


3280 

;TRS-80 MOD I 

and III - K6APW March 1983 

3560 


JR 

SCHR 

;go, shifted or not 

3290 




3570 

RT 

LD 

A,10H 

;not 09, see text 

3300 

JR 

C.SCHR 

;§ through Z (no shift) 

3580 


JR 

ARROW 


3310 

SUB 

70H 

;numbers? 

3590 

UP 

LD 

A,0BH 

;not 5BH 

3320 

JR 

NC,COMPUT 

;go if not numbers 

3600 


JR 

ARROW 


3330 

ADD 

A,40H 

3610 

DN 

LD 

A,0AH 


3340 

CP 

3CH 

;0 through 9 :;, 

3620 

ARROW 

RRC 

B 


3350 

JR 

C,SHBIT 

3630 


JR 

C,SH 


3360 

XOR 

10H 

;make 

3640 


RRC 

B 


3370 

SHBIT RRC 

B 

;1eft (both MOD I) 

3650 


JR 

C,SH 


3380 

JR 

C,SHIFT 


3660 


LD 

A,0 

;keep video sync 

3390 

RRC 

B 

;right 

3670 


JR 

SCHR 


3400 

JR 

NC.SCHR 

3680 

SH 

ADD 

A.10H 

;shift them 

3410 

SHIFT XOR 

10H 

;make uppers 

36 90 


JR 

SCHR 


3420 

JR 

SCHR 


3700 

CLR 

LD 

A.1FH 


3430 

COMPUT CP 

07H 


3710 


JR 

SCHR 


3440 

JR 

Z,SPACE 


3720 

BK 

LD 

A,01H 


3450 

CP 

05H 


3730 


JR 

SCHR 


3460 

JR 

Z,LF 


3740 

SPACE 

LD 

A.20H 


3470 

JR 

NC.RT 


3750 
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52 simplex. For more Information, hold its 1984 Santa Marla Swapfest and Hamfestlval on Saturday, June 30, 1984, FM. For more details. Including a local 
)ld W2GDS at (201)*222-3009. Santa Maria Style Barbecue on Father’s from 8:00 am until 4:00 pm, at the Wyoming map, write South Milwaukee Amateur Ra- 
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2. or phone (503^32-2740. 


MOVING? 

Let us know 8 weeks in advance so that you won't 
miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 

Subscription Department 
£ Amateur Radio's P.O. Box 931 

# ® Technical Journal Farmingdale NY 11737 


If you have no label handy , / 


City_ State_ 


ATTENTION 

SUBSCRIBERS 

VJe occasionally make our mailing list 
available to other companies or organiza¬ 
tions with products or services which we 
feel might be of interest to you. if you prefer 
that your name be deleted from such a list, 
please fill out the coupon below or affix a 
copy of your mailing label and mail it to: 

The Wayne Green Publications Group 
73: Amateur Radio's Technical Journal 
PO Box 931 

Farmingdale, IVY 11737 

^Please delete my name from mailing lists sent] 

| to other companies or organizations. I 

1 I 

j name _I 

j address _ I 

I city _ state _ zip _ 
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dlo Club, PO Box 10 


hold the Batavia Hamfest on Sunday, July 
8,1984, from 7:00 am to 5:00 pm, at the Alex¬ 
ander Firemen’s Grounds, Rte. 96, Alex¬ 
ander NY. Admission is $3.00 in advance 
before June 22,1984, and $4.00 at the door. 
The commercial exhibit area will open at 
950 am and there will be hot-air-balloon 

650 am, a CW contest. OM and YL pro- 
flrams, a .52 check-in contest, a flea market, 

(electricity is $2.00). Talk-in on 6.52 and 4.71/ 
5.31 (W2RCX) For further information, corv 

tact GRAM, PO Box 572, Batavia NY 14020. 

BOWLING GREEN OH 



The fifth annual Sheboygan County 
Amateur Radio Club Lakeshore Swapfest 
and Brat Fry will be held on July 14, 1984, 



Andre State Park. For a flyer and other intor- 

Hawthorn Road, Sheboygan Wl 53081, or 
phone (414)457-3368 after 500 pm COT. 


MILTON ONT CAN 



Ington ONT L7R 3Y7, Canada. 


The Eau Claire Amateur Radio Club will 
hold Its annual hamfest on Saturday, July 
14,1984, from 8300 am to 4:00 pm, at the 4-H 
buildings in Eau Claire Wl. Tickets are $2.00 
in advance and $3.00 at the door, tables and 
coffee are free. Talk-in on .31/51 and .52 
simplex. For more Information and tickets, 
send an SASE to Gene Lieberg KA9DWH, 
2840 Saturn Avenue, Eau Claire Wl 54703. 


AUGUSTA NJ 


The Sussex County ARC will sponsor 
SCARC on Saturday. July 14, 1984. 
beginning at 850 am, at the Sussex County 
Fairgrounds, Plains Road, off Rte. 206, 
Augusta NJ. Admission is $2.00, Indoor 
tables are $5.00 in advance and $8.00 at the 
door, tailgate space is $4.00 in advance and 
$5.00 at the gate. There will be food and re¬ 
freshments and plenty of free parking. Talk- 
in on .9Q/.30 and .52 simplex. For further in- 
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Polorator I control built-in _ _ 

Schematics included 

Service center address Included m wsif mBST 

Suggested list price $695.00 55 

Cost: $275.00 cash & carry ==■ ==r 


The Spider Antenna % 


MOW! A State-of-the-Art Antenna 

for State-of-the-Art Transceivers — 
Why Settle for Anything Else! 

At last there is a mobile antenna that is truly a 
fit companion for today’s solid state, no-tune 
transceivers. 

Once the Spider" 4-Band Antenna is tuned for 
10, 15, 20 and 40 meters, all you have to do is 
turn, the band switch on the transceiver—the an¬ 
tenna follows by itself. 


MULTI-BAND ANTENNAS 

7131 OWENSMOUTH AVENUE, SUITE 463C 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

seem to quickly get lost when 
emotional factors come up. 
Let's take a look at what experi¬ 
ence has taught us so we won't 
forget it. 

1. In virtually every emergen¬ 
cy, the first thing that goes 
out Is the telephone. Storms, 
rain, fire, explosions, downed 
planes—either the wires go 
down or the switching systems 
bog down and radio is all that's 
left This means that in emer¬ 
gencies radio is suddenly going 
to have to be able to handle an 
enormous amount of message 
traffic. 

2. With few exceptions, the 
other radio services are inexpe¬ 
rienced in dealing with emergen¬ 
cies, are unequipped to provide 
the equipment and technical 
people, can't interconnect with 
other services, and are unable to 
provide short-, medium-, and 
long-range communications. The 
only service really geared to pro¬ 
viding serious emergency com¬ 
munications is amateur radio, 
and amateurs should plan to be 
able to intercommunicate with 
other services so as to help the 
police and fire departments, for 
instance, keep in touch. 

3. In every emergency situa¬ 
tion, the amount of message 
traffic is vastly beyond the capa¬ 
bility of the few available trained 
operators to handle. This could 
be solved by developing equip¬ 
ment which does not require 
trained operators to use and by 
making the communications as 
high-speed as is practical. 

4. Equipment and skills which 
are not in everyday use are just 
not dependable In time of emer¬ 
gency. 

A nuclear attack (which is the 
most serious emergency now 
conceivable) is what is called 
the “worst case." Other than 
hoping that some ham will crawl 
out of his cellar with an intact 
HT or mobile HF rig and start 
from scratch, Is there anything 
we can do? That scenario isn’t 
likely to dissuade Russia from 
taking advantage of a perceived 
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communications weakness some 
day. 

Would that I could be as blas£ 
about American security as 
most hams (In other words, just 
not even think about it) and get 
annoyed if the subject is 
brought up. 

After working with a group of 
dedicated hams for several 
years on this matter of ham 
emergency communications, cer¬ 
tain limiting factors have be¬ 
come evident. One is the rela¬ 
tively small number of active 
hams we have, particularly 
younger ones who will have the 
stamina it will take to survive an 
attack and set up communica¬ 
tions. The other is the dependen¬ 
cy on communications which 
are both inherently slow and de¬ 
pend heavily on difficult-to-learn 
operator skills. 

Amateur radio is so patheti¬ 
cally far behind in technology 
that there is no real justification 
for the continuance of the hobby 
from that viewpoint. Indeed, our 
leaders have allowed the pres¬ 
sures from old-timers to so influ¬ 
ence the hobby that there Is lit¬ 
tle honest justification for the 
hobby on any basis. One of 
these days someone is going to 
say out loud that the emperor 
has no clothes and we could 
lose all those nice private fre¬ 
quencies. No more DX plleups. 
No more traffic nets sending 
useless messages just to do 
something. No more rag-chew¬ 
ing. No more repeater clunking. 
No more repeater wars. No more 
jamming of nets. No more bands 
jammed with contesters. No 
more certificate-hunting. No 
more ham club meetings with 
three-hour arguments on what 
color to paint the clubhouse. 
What would we do? What would 
we do? 

A generation or two ago there 
were some strong justifications 
for amateur radio. Old-timers 
can remember when the rules 
and regulations were accepted 
as fundamental truths. There 
were four reasons cited in the 
rules for the existence of ama¬ 
teur radio as a service and for 


the setting aside of millions of 
dollars of spectrum space. 

We were supposed to provide 
a supply of trained technicians 
and operators for our country In 
time of war. Indeed, without am¬ 
ateurs, WWII would have been 
much more difficult. But those 
were the days when amateurs 
did keep up with technology, in¬ 
deed, they were in the vanguard, 
inventing and pioneering virtual¬ 
ly every major new communica¬ 
tions technology. 

Today, with most new hams 
going the Bash route, it is un¬ 
usual to find anyone with even a 
vague technical background. In 
the meanwhile, the technology 
has rushed years ahead of the 
average amateur. Many of us 
were working years ahead of the 
average amateur. Many of us 
were working with digital com¬ 
munications over 30 years ago, 
yet these now-old commercial 
techniques are still not even on 
the horizon for amateur traffic 
nets—which are happily brass- 
pounding away some fifty years 
behind the times. How many 
years has it been since ama¬ 
teurs contributed something to 
communications technology? 

Inventing and pioneering are 
the purview of youngsters and 
we hams have grown old and 
cranky. Few of us have been 
making any effort to get kids in¬ 
volved with hamming. A dis¬ 
tressing number of the ham 
clubs I've visited in recent years 
seem to have made it a practice 
to discourage youngsters from 
joining. 

Okay. Perhaps you can see 
that if there Is going to be any re¬ 
alistic emergency communica¬ 
tions system established, we 
are going to have to have a 
whole lot more hams than we do 
today—and they are going to 
have to be younger and livelier. I 
can Just hear the curmudgeons 
on 75-meter phone huffing and 
puffing over that. 

You know, I get on 20-meter 
phone as often as I can spare 
the time, and it is rare that I run 
into someone who is not retired. 

You’re still wondering how all 
this fits in with my FCC petition, 
right? Well, that has a lot to do 
with the enormous number of 
comments filed in response to 
the no-code proposal—mostly 
by ARRL-member ham clubs. 
The gist of these comments was 
quite consistent: No ham 
should be licensed without 
Morse-code skills because 
these are needed for emergency 


operating. The old theme of 
“when all else fails, CW will 
come through” was said so 
often that one might think there 
was some truth in It. 

Okay. Let’s say that whatever 
that number of hams agree on 
actually is the truth—by defini¬ 
tion. So if we accept as a fact 
that we must know Morse code 
for use in emergency times, then 
it Is inescapable that all hams 
should be able to demonstrate 
their competence with the code. 
The basis for not permitting the 
FCC to set up a no-code license 
test on 220 MHz was the need 
for CW skills for emergencies. 
So, if the hams who inundated 
the FCC with these statements 
were not lying, the logical next 
step was to see that CW skills 
are maintained. That’s called 
putting up or shutting up. 

My proposal cited the no¬ 
code responses. I read through 
the voluminous report from the 
Commission when the proposal 
was terminated. I concluded 
that the only logical reaction to 
this massive agreement by the 
ARRL clubs would be some 
measure to make sure that 
hams would not allow these crit- 
ically-important CW skills to de¬ 
teriorate and thus not be avail¬ 
able when needed. 

Further, since the depen¬ 
dence upon CW for emergency 
communications would pretty 
much rule out the development 
of high-speed automatic digital 
communications such as I have 
been trying to promote for the 
last thirty years (yes, I know 
when I'm licked, and we know 
that the volume of emergency 
traffic Is incredible), amateurs 
would be doing their hobby and 
our country a serious disservice 
if they did not continue to devel¬ 
op their CW skills to some prac¬ 
tical speed level. 

During WWII, hundreds of 
thousands of people were 
taught to copy CW at 35 
wpm—FOX, the Navy called 
it—also the speed which most 
of the commercial CW services 
used to use before they were 
automated about 40 years ago. 
Obviously, almost anyone can 
learn to copy at 35 per, so why 
not set that as a norm? 

Sure, I knew that the same 
chaps who were so vehement 
about newcomers having to 
learn code would be the first to 
scream bloody murder if anyone 
suggested that sauce for the 
goose was sauce for the gander. 




The cry would be “grandfather!", 
right? 

Oh, I knew that the FCC would 
turn down the petition, probably 
with no good reason given. And i 
was correct. But I did want to 
hold the FCC's hand In the fire 
on this one because they got 
suckered by a bunch of clubs 
and old-timers Into preventing 
amateur radio from being able 
to grow with the times. 

On numerous occasions, I 
have written that I’m not at all 
sure that It isn't too late to save 
amateur radio now. A no-code li¬ 
cense might have helped, as It 
did In Japan. But there it hit big 
so that they have about three 
times as many licensed ama¬ 
teurs as we have, and with only 
half our population. Odd, isn't it, 
that Japan is graduating seven 
times as many electronic engi¬ 
neers as we are? I wonder where 
they are coming from? Does 
anyone have an idea? 

Are we going to be able to put 
together anything significant In 
the way of an emergency com¬ 
munications system which 
might possibly survive a nuclear 
attack? So far, I see not even a 


hint of hope for this. We need a 
massive influx of youngsters. 
We need to get cracking on 
developing already-known tech¬ 
nology so we can have high¬ 
speed error-correcting commu¬ 
nications which anyone can 
operate. We need a million new 
hams, all with the energy and 
enthusiasm to make all this 
happen. 

I’m still trying to get the con¬ 
cept of ham clubs back Into our 
high schools. I’m working on a 
high-tech college. My Ideas are 
beginning to be accepted, so 
we'll see what happens. 

Now, about the code. If you 
really, honestly believe that It Is 
important, then you must agree 
with me that it Is every bit as Im¬ 
portant to make sure that this 
key skill is not permitted to dete¬ 
riorate through disuse. This 
means retesting. 

If you don’t agree about re¬ 
testing, what other way is there 
to look at it except that code is 
not critical to getting a ham li¬ 
cense? So, are you for code for 
others, but not you? Code for 
all? Or no-code for all? Your 
deal. 
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publication, 


dragging my feat this RTTY Loop. 



John Edwards KI2U 
PO Box 73 

Middle Village NY 11379 

BASIC COMPUTING 

If you're a forward-thinking ham (as op¬ 
posed to those lids who devote their lives 
to repeaters and rag-chew nets), you prob¬ 
ably own a microcompter. But do you ever 


I will continue to use Basic for years 



ELEMENT 1 
MULTIPLE CHOICE 

1) The original form of Basic is known as: 
1) Dartmouth Basic 


6) The Commodore 64 comes with how 
many bytes of random-access memory? 

1) 16K bytes 

2) 32K bytes 

3) 48K bytes 

4) 64K bytes 

7) CRM is: 

1) A language 

2) An operating system 

3) A local area network 


5) To get a result from READ, one must 
supply at least one_statement. 


THEANSWERS 



Element Z; 
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NEVER SAY DIE 

editorial by Wayne Green 



THE HAMVENTION 

Dayton was as big as ever— 
or bigger. Hara Arena was pretty 
full on Friday, packed on Satur¬ 
day, and pretty full on Sunday 
with hams not just from the mid¬ 
west, but from all over the world. 
There was even a ZS contingent 
from South Africa wondering 
when I was going to get back 
down to visit them again. 

A handful of old-timers groused 
about my 35-wpm petition, but 
99% got the point and enjoyed 
it. Some 73 readers were suck- 
ered in by media reports and did 
Archie Bunkers. (See my talk.) 

A few years ago, I got to talk¬ 
ing on Friday—mostly because 
the meeting rooms they had 
available then were so noisy on 
Saturday as to be almost impos¬ 
sible. They’ve built some new 
(quiet) meeting rooms, so I hope 
to be invited to do a Saturday 
talk next year. 

Yes, I enjoy the acclaim I 
get—It helps a lot when I get to 
feeling discouraged. I get more 
pleasure than I can describe 
when I meet people at shows 
who tell me that my talks or edi¬ 
torials inspired them to change. 

If you haven't been making 
the yearly pilgrimage to Dayton, 
maybe 1985 is the year to get off 
your duff. These DARA fanatics 
have their Hamvention worked 
out in every detail (and I empha¬ 
size the word work). Zillions of 
prizes, all reported on computer 
monitors. Somehow, they man¬ 
age to guide the cars bringing 
over 20,000 hams into neighbor¬ 
ing fields. They even have the in¬ 
credible flea market well orga¬ 
nized. It goes on for acres— 
the biggest one I’ve ever seen. I 
spent a couple hours walking 
around it this year and didn’t 
even cover half of it. You 
wouldn’t believe the amount of 
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stuff there! You can find any 
model rig or receiver ever made, 
any test equipment, any radio 
part, any tube, transistor, 1C, 
wire of any kind, coax, connec¬ 
tors, and so on. It’s all there at 
prices that are hard to pass up. 

If you want weather stations, 
laboratory clocks, muffin fans, 
relay racks, hi-fi, lo-fi, an old Em¬ 
erson radio. Teletype®, relays, 
telephones, slow-scan, RTTY— 
you name it and it’s there on 
hundreds of tables. There were 
even some EE8A WWII surplus 
telephones and some Gonset 
Communicators. I thought those 
had reached their final resting 
ground long ago. 

The temperature went from 
the 40s the day before up into 
the 80s for the hamfest, forcing 
me to grovel at the Kenwood 
booth for a hat to keep what’s 
left of my brains from frying 
while I was doing the flea 
market. 

At the 73 booth, I shook a lot 
of hands, got my ego properly 
rebuilt, and met an enormous 
number of old friends. Larry 
Horne N2NY was there. He used 
to work for me almost 30 years 
ago. He’s worked out some real¬ 
ly fast Morse-code teaching 
techniques and has been re¬ 
puted to get newcomers started 
at 50 wpm and copying in one 
weekend. Why spend months 
starting at 5 wpm and gradually 
relearning the code all the way 
up, driving yourself and your 
family crazy, when you can just 
as easily start out at 50 wpm? I 
dunno if these people can copy 
5 wpm or not... probably not. 
Probably not even 13 per, but at 
50.. .no strain. 

If you’re going to make it to 
Dayton next year, be sure to 
drop me a QSL card and let me 
know what subjects you’d like 


me to talk about. For that mat¬ 
ter, if there’s something you 
think I should cover in an editori¬ 
al, hey, this is a two-way street. 

Some ham dropped by the 
booth and beefed to Jim Gray 
W1XU that Wayne has his edito¬ 
rial and that the readers have no 
way to be heard. Jim asked him 
if he’d written a letter to the 
editor. Grumble, no. So write 
one, said Jim. A couple minutes 
later, the same chap started 
loudly with the same theme, 
more interested in generating a 
fuss than in accuracy. Letters 
with anything worthy of being 
printed will be printed. General 
beefs or emotional harangues 
probably won't make it—unless 
our Executive or Managing Edi¬ 
tor wants to expose the vacuity 
of thought which characterizes 
some letters. 

On the whole, I’m awfully proud 
of 73 readers. You are, with very 
few exceptions, intelligent and 
perceptive people. I don't write 
for 12-year-olds. I write for intelli¬ 
gent hams and most readers re¬ 
spect this. The 12-year-olds, of 
all ages, can have problems un¬ 
derstanding me. 

THE DAYTON TALK 
(At 2:00 pm on April 27, Hara’s 
Room 2 hosted W2NSD’s yearly 
report on where amateur radio is 
today and where it could be to¬ 
morrow. And what to do about it. 
We hope you enjoy this tran¬ 
script of some of his remarks. 
—JCB.] 

Good afternoon. I’m Wayne 
Green W2NSD. And I under¬ 
stand that you read my editori¬ 
als but don’t agree with them 
100 percent. [Loud guffaws. 
-Ed.] 

So on that basis...had a 
number of questions asked me 
since I’ve been here. And I’ll try 


to address most of those, if I 
can. If I forget some of them, 
make a note and ask me later, 
and I’ll try to cover whatever I’ve 
forgotten about. But, in general, 

I cheat on my talks. I don’t plan 
much ahead. And I figure either 
I’ll think of what I was supposed 
to talk about or you’ll remind 

Now, since my talk last year, 
we’ve had a few minor changes 
in my organization. And those of 
you who read the magazine are 
aware that basically I sold all of 
the Wayne Green, Incorporated, 
magazines to another company, 
IDG, International Data Group, 
who publishes Computerworld 
and about 50 magazines in 18 
countries. It makes it very handy 
for travel—there is always a 
company office there. 

I got a good deal out of it, as 
you may have read. And people 
keep wanting to know, “What 
are you going to do with the 60 
mill?” [Guffaws.] 

Well, I’ll tell you. I'm going to 
try to put it to the best use I can 
and do my very best to make an 
awful lot of people very wealthy. 
It’s an old story that you can’t 
take it with you. And indeed, the 
agreement I made was that 
whatever’s left over when I leave 
goes back to the company. 

Now, all of the reasons that I 
made that arrangement—one of 
the reasons that I made the deal 
with IDG—is that they were aim¬ 
ing in the same direction that I 
was. It was my intention to take 
Wayne Green, Incorporated, and 
eventually have the employees 
own it. IDG is doing the same 
thing. And indeed they have 
turned a substantial percentage 
of the corporation over to the 
employees’ fund already. And 
the schedule eventually will be 
100 percent of it. [“Superham” 
Don Wallace W6AM enters room 
and sits down in front row.] 

With the bo-nanza, I have 
formed a new company called 
Wayne Green Enterprises. And I 
have a number of projects in the 
works with that. And I’ll tell you 
about some of those because 
they have a lot to do with my 
background in amateur radio. 
(Hi, Don, good to see you. De¬ 
lighted that you could come.) 
And I think that I have some 
plans that may eventually help 
amateur radio a lot. 

We're starting out, essential¬ 
ly, with a new publishing organi¬ 
zation. And in order to get the 
people to do this, I'm starting a 





publishing school. And we have 
about 10 magazines lined up to 
get started with the people that 
we train in this school. And, of 
course, the people who do well 
in school we’ll put on the new 
publications. The people who do 
poorly, we’ll sell to our competi¬ 
tors. [Chuckles.] 

The new magazine, the first 
one, will be Digital Audio. And 
how many of you are not familiar 
with digital audio in the com¬ 
pact disc? Are any of you out 
of communication with the 
world? [Chuckles.] OK. Well, per¬ 
haps you remember the 78-rpm 
record. And then there came 
along a newfangled contraption 
called a long-playing record 
which within a few years put the 
78-rpm record out of business. 

Well, there is a new technolo¬ 
gy called digital audio which is 
going to put the LP out of busi¬ 
ness in a very few years. And the 
new record is the compact disc 
which is about yea big. And it is 
written on and read by laser. 
And it is so phenomenally better 
than LP records that you have to 
hear it but once to be addicted 
to this new sound. For the first 
time, when you listen to hi-fi, 
you can hear the sound of si¬ 
lence. And for you technical 
people, you have the potential 
with this new recording medium 
of a 95-decibel range of sound 
(where on an ordinary record 
about the best that they can do 
is around 60 dB). So it’s thou¬ 
sands of times better. Well, 
we’re going to try to help this in¬ 
dustry, this brand new industry, 
to grow with a magazine. 

The second magazine will be 
in the telecommunications field 
and this will be for businessmen 
so that they will be able to cope 
with these new telephones and 
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new types of communications 
that are on the market. Right 
now, I know of no magazine out 
there for businessmen to tell 
them what these things do. 

We have two or three com¬ 
puter magazines in the works. 
And one would think that with 
300 magazines on the market 
that there would be enough, but 
there still is a need for a few 
more that other people have not 
yet perceived. And we will be 
proceeding with that. 

Now, perhaps even more im¬ 
portant, once we have gotten 
things running fairly smoothly 
with these relatively easy maga¬ 
zines, we have two huge ones in 
the works. And when I say huge, 

I mean circulation on the order 
of 10 to 20 million. What I intend 
to do Is take the 60 million [dol¬ 
lars] and within four years build 
that up to one billion. And I think 
we're going to be able to do it. 
And I believe that every person 
that works for us is going to be, 
at the minimum, a millionaire. 
My calculations are that within 
four years they should be worth 
approximately 1.6 million each. 
Because we’re putting aside 
part of the stock and the people 
who work for us have a share in 
the company. 

The big magazine—and the 
one that is going to be the most 
important to amateur radio- 
will have to do with teenagers. 
And basically, we want to start a 
magazine which is an instruc¬ 
tion book for growing up. And 
you can bet that it is going to be 
very heavily laced with high 
tech. It'll encourage kids to be 
interested in amateur-radio com¬ 
munications, to be interested in 
computers. 

I think ail of you are well 
aware of what’s happened in 


computers. How many of you 
here have Model 100s already? 
One, two, three, four, five, not 
bad, six, seven, right. A year 
from now, I suspect there will be 
at least ten times that many in 
the audience that have brief¬ 
case portable computers. But 
these computers are just part of 
It. It’s what these are going to 
force to happen that is impor¬ 
tant. And that Is the key for any¬ 
one who would really like to 
make money, because these 
small computers are going to re¬ 
quire communications. 

Right now, you can plug this 
[holds up Model 100] Into the 
telephone and you can commu¬ 
nicate through hundreds, any of 
hundreds, of bulletin boards, 
communications services, and 
so forth. The next step—and it’s 
something that we could do with 
amateur radio right now, if we 
wanted, with our current tech¬ 
nology—any one of you could 
probably do this if you’d sit 
down and do it. And that is put a 
small relay transmitter in here, 
probably 149 Megahertz, and 
make it so if you use this within 
the room with a small room re¬ 
peater, It would pick up the infor¬ 
mation from that so you don’t 
have to plug it in anymore. And 
you could hook that onto the 
telephone. That’s the first step. 

The next step is to have an 
area repeater so that the room 
repeater goes to your area re¬ 
peater. Any of your regular re¬ 
peaters that you have today 
could do this. Have the area re¬ 
peater, say, every five minutes, 
or every three minutes, or every 
minute, send a pulse out with a 
coding for your particular com¬ 
puter and It says essentially, 
“Are you turned on? Do you 
have any traffic?” And your 
computer, If you have it turned 
on, will say, “Yes, I’m turned on, 
I have no traffic,” every so often. 
It will take a few milliseconds to 
do it. 

Once you have written the 
message to someone anywhere 
in the world and you say “Go,” 
the next time you are polled by 
that local repeater through your 
room repeater, it will say, “Yes, I 
have traffic.” And it will dump it 
with error-correcting at 25,000 
words a minute. 

And that will be stored in your 
local repeater, which will then 
look up to see where-in-the-devil 
this thing is going and route it 
either to another repeater or to a 
local recipient or perhaps by a 


satellite link to somebody down 
in Ceylon [Sri Lanka] who was 
sitting on the beach with anoth¬ 
er system. Or to his home re¬ 
peater waiting for when he 
comes home and turns on his 
unit and it finally says, “Yes, I’m 
here, is there any traffic?” 

We can do that with the tech¬ 
nology we have today. Nobody 
has to invent a thing. We just 
have to do it. 

If you do it, you know as well 
as I do that there is no power on 
Earth going to stop that from 
selling. It is a service that is 
needed desperately. And some 
bright person somewhere Is go¬ 
ing to do that and going to be¬ 
come incredibly wealthy and 
you’re going to say, “Gee whiz, 
look at that, how did he do that, 
wasn’t he lucky?” I find that the 
harder I work, the luckier I get. 

So these things are there. We 
are going to need communica¬ 
tions In 10 years that are on the 
order of a thousand times— 
maybe ten thousand times— 
what we have today. And that 
means that we are going to need 
ten thousand times as many en¬ 
gineers and technicians as we 
have today. 

Now, I’m sure that most of 
you are aware that the growth of 
amateur radio last year was two 
and a half percent. And that this 
year we’re looking for a net loss. 
Unless something changes radi¬ 
cally. I’m sure you’re also aware 
that the growth of amateur radio 
in Japan last year was 25 per¬ 
cent and has averaged, over the 
last 20 years, over 300 percent a 
year. It slowed down a little bit in 
the last few years. We have aver¬ 
aged for the last 20 years a 
growth of 2 percent. Average. 
Two point zero percent In the 
United States. 

I wrote in 73—a couple of 
years ago—an editorial, and I 
said I bet you It Isn’t going to be 
long before our military are send¬ 
ing electronic development con¬ 
tracts to Japan. And I got the 
biggest bunch of hee-haws from 
the readers. And they said, 
“Boy, are you crazy.” Big head¬ 
lines about four months ago: 
The military tried to get elec¬ 
tronic contracts with Japan for 
military equipment develop¬ 
ment and they turned us down. 

I’d like to do something about 
that. I’d like to reach teenagers 
and interest them In amateur 
radio. In the United States, we 

Continued on page 76 
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Perrv Donham KK2Y 
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Shoot at Will 

KK2Y's Dayton mandate was to capture things on film. 
He did it. Enjoy a slice of Hamvention. 
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Pete Haas 
PO Box 702 
Kent OH 44240 


Secrets of Cordless Phones 

Is privacy sacred and range not? 

Maybe some hands-on research can help you decide. 


I purchased a wireless tele¬ 
phone some time ago. Be¬ 
ing curious about electronic 
gadgets, I did some hands- 
on research by examining 
the electronic innards and 
came up with a few mods 
and suggestions to make it 
even more useful. Wireless 
phones employ full-duplex 
operation and consist of two 
parts. The hand-held unit 
transmits on 49 MHz and is 
crystal-controlled. The base 
unit transmits on about 1700 
kHz but uses an LC circuit. 
Its frequency can be adjust¬ 
ed by a tuned slug. Both op¬ 
erate in the FM mode. There 
are several ways to increase 


the phone's range and still 
preserve your privacy and 
avoid interference. 

First of all, if you are con¬ 
sidering the purchase of a 
wireless phone and you al¬ 
ready own a programmable 
police scanner, enter in 
the following frequencies: 
49.830, 49.845, 49.860, 

49.875, and 49.890 MHz. 
Scan these five channels for 
a few days to get an idea 
which frequencies are most 
populated in your neighbor¬ 
hood. Using a Bearcat 250 
with an outdoor antenna, I 
was able to get clear recep¬ 
tion for over one-half mile. 
You may hear a juicy thing 


or two because people just 
don't realize others can lis¬ 
ten in. For this reason, avoid 
initiating credit-card calls 
over a wireless phone. Re¬ 
member, you'll only hear 
one side of the conversa¬ 
tion—the hand-held unit's 
side. The other side of the 
phone conversation is car¬ 
ried on 1695, 1725, or 1755 
kHz, although there are a 
few newer designs which du¬ 
plex both sides of the con¬ 
versation in the 49-MHz 
band. 

The 49-MHz frequencies 
are designated as channel 
numbers or letters. For ex¬ 
ample, 49.830 is channel 1 
or A, 49.845 is channel 2 or 
B, and so on. The wireless 
phones are usually marked 
on the outside of the box 
they are packed in which 
channel they operate on. In 
my neck of the woods 49.845 
MHz seemed to have the 
least amount of traffic so I 
purchased a unit marked 
"channel 2." It's a good idea 
to avoid channel 3 or C 



Fig 1. 


(49.860). All the new unli¬ 
censed kid handie-talkies 
operate on this frequency 
these days, and even though 
they are AM, you will still re¬ 
ceive some interference. If 
you don't have a scanner to 
check out the neighborhood 
frequency usage, you'll 
havp to take pot luck. Just 
avoid channel 3 or C. If you 
purchase a wireless phone 
by mail, state which channel 
you wish. You may not get 
what you want but it's worth 
a try. 

In case you want or need 
to change frequency on 
your wireless phone, here's 
some general information 
The transmitting crystal in 
my hand-held is marked 
16.615 MHz but is actually a 
third-overtone, 49.845-MHz 
crystal. Crystals can be or¬ 
dered from Jan Crystals, PO 
Box 06017, Fort Myers FL 
33906-6017. Be sure to tell 
them the name brand and 
model of your particular 
phone. It also would be a 
good idea to send along the 
original crystals to ensure 
that the new ones will be 
ground to the correct elec¬ 
trical characteristics. 

The 49-MHz receiver at 
the base is a slightly differ- 



AmpliOer speaker, hand-held unit, and base unit 
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Close-up of 49-MHz base-unit receiver crystals. The 39.145 16.615-MHz crystal in hand-held unit is actually a 

crystal is socketed and can be changed easily. 48.845-MHz, third-overtone unit. 


ent story. To receive 49.845 
MHz, my unit uses a master 
crystal oscillator on 10.245 
MHz to clack against a 
socketed 39145-MHz crys¬ 
tal This adds up to 49.390 
MHz which is exactly 455 
kHz (the i-f amp frequency) 
below 49845 MHz. Other 
units may vary. 

For the most privacy, you 
could change your wireless 
phone to operate on a fre¬ 
quency a smidgeon above 
or below the five designated 
49-MHz channels and never 
have to worry about some¬ 
one else with a similar unit 
making phone calls (either 
inadvertently or on purpose) 
through your base unit. How¬ 
ever, to keep inside the law, 
it would probably be better 
to shift it to a frequency ac¬ 
tually "between" the 15-kHz- 
spaced channels, keeping in 
mind to stay away from the 
vicinity of 49,860 MHz. A 
shift of 5 kHz is enough to 
keep you safe from similar 
units. 

My hand-held had a crys¬ 
tal-controlled, 1700-kHz re¬ 
ceiver. The HC32 crystal was 
2.150 MHz which is 455 kHz 
above the 1695-kHz base- 
transmitter frequency. The 
base-transmitter frequency 
can easily be changed by ad¬ 
justing a slug-tuned coil so 
you'll only need to change 
the receive crystal in the 
hand-held unit. Shifting the 
low-frequency link will also 
give you more privacy and 
less interference. 


Now take a look at the 
power cord coming out of 
your base unit. One side of 
the zip cord is marked with a 
white line, small lettering, or 
a groove running the length 
of it This is the "antenna" 
side of the 1700-kHz base 
transmitter Keep this side 
plugged into the "hot" ter¬ 
minal of the electrical outlet 
for better phone range. In 
my case, it added about 100 
feet of extra range. 

Conversely, to increase 
the range of the 49-MHz 
base receiver, it can be con¬ 
nected to an outdoor anten¬ 
na. I used a quarter-wave CB 
ground plane with half the 
radiator removed. A six-me¬ 
ter antenna would work fine 
and so would an allband 
scanner antenna, although 
these are more costly. You 
can use a clip lead con¬ 
nected between the base 
unit's telescoping antenna 
and the center of the exter¬ 
nal antenna's coax or open 
the base unit and solder a 
short length of shielded 
cable to the PC board and 
terminate it with the proper 
in-line female connector. 
Using an external antenna is 
all the more reason to shift 
the 49-MHz link to prevent 
unauthorized use of your 
phone line through the base 
unit. 

By the way, you can listen 
to the 1700-kHz side of the 
conversation on most broad- 
cast-band AM radios if they 
have a bit of over-tuning on 


the high end of the dial. I've 
monitored my own base unit 
on two different hi-fi receiv¬ 
ers successfully and have 
heard a couple of other 
neighborhood phones as 
well. You can hear both 
sides of the phone conversa¬ 
tion on these frequencies. 
Just remember, the signals 
are FM so you'll have to use 
slope detection by tuning a 
bit to either side of the FM 
carrier. 

I turned my base unit into 
a 49-MHz receiver by sol¬ 
dering a cable to the circuit 
board and running it to the 
input of an Archer 277-1008 
amplifier sold by Radio 
Shack. There are four termi¬ 
nals on the circuit board 
connecting to the phone 
lines. To find the correct two 
terminals, first disconnect 
the base unit from the 
phone lines. Put the hand¬ 
held on "talk" so it is 


transmitting on 49 MHz. Us¬ 
ing two clip leads, experi¬ 
mentally hook up two termi¬ 
nals at a time to the input of 
any audio amplifier until 
you get a loud squeal from 
the feedback between the 
hand-held and the audio 
amplifier. Once you've 
found the correct terminals, 
install the circuit in Fig. 1 
between the base unit and 
audio amplifier. This pre¬ 
vents any loading on the 
phone line when you plug 
the base unit back in. It also 
allows you to listen in on 
any phone call using the 
audio amplifier. Now when 
you have the base unit on 
but disconnected from the 
phone line, it is a 49-MHz 
receiver for one of the five 
channels. 

I also tapped into the 
base unit's regulated power 
supply to power the audio 
amplifier. It provides about 



PC board in base unit. The 1700-kHz transmitter frequency 
can be varied by a slug-tuned coil. 
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PC board in hand-held unit. On the left of the board is the 
1700-kHz receiver crystal, marked 2.150 MHz. In the middle 


is the 49-MHz crystal socket. 

10 volts. The collector of the 
regulator power transistor 
(the "tab") and one side of 
the filter capacitor provide 
the power. Use a voltmeter 
to find the correct polarity. I 
added a jack to the amplifi¬ 
er speaker's battery termi¬ 
nals for quick connecting to 
the base's power supply. 
There's not much to it. 

The wireless phones are 


quite nice to have when you 
aren't near a "real" phone 
The only other suggestion to 
purposely curtail reception 
by others on the 49-MHz 
end is to keep the telescop¬ 
ing antenna on the hand¬ 
held extended just enough 
for clear communications — 
usually, you won't need to 
extend it at all when you use 
the unit in the house.■ 
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AUTOMATIC ANTENNA 
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MATCHES ONE ANTENNA 
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.3 TO 70 MHZ. 
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• 5 YEAR WARRANTY * 
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The SLINKY DIPOLE* Antenna 


A broadband, low SWR dipole that really works in apart¬ 
ments, small yards, attics, anywhere a small antenna is a 
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plus 50 ft of coax. Easy to set up and adjust. More 
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Modern-Eyes the S-Meter 

Here's how to de-strain your baby blues 
by adding a simple LED readout. 


Gordon W. Patterson 
12-4215 Meadowvale Drive 
Niagara Falls, Ontario 
Canada L2E 5WS 


Photos by Tish Cox 

H aving recently acquired 
a Realistic Patrolman 6 
salvaged from the neighbor¬ 
hood garbage can, I decided 
that some form of indication 
was needed when I was tuned 
to the local repeater, 
VE3NRS. The only thing 
missing from the receiver 
was a band-selector shaft. 
This was easy enough to fix, 
and the receiver works great! 
I also use the receiver to 


listen to a local net which 
meets on 144.6 AM every 
Sunday night at 0230. 

Various magazines were 
searched for an S-meter cir¬ 
cuit; those found were un¬ 
appealing. Then one day I 
stumbled across an LM3914 
1C and my troubles were 
over. The LM3914 chip is a 
monolithic 1C which senses 
analog voltage levels and 
drives up to ten LEDs, pro¬ 
viding a linear analog dis¬ 
play. This 1C requires no re¬ 
sistors between the 1C and 
the display, as the current 
drive to the display (LEDs) is 
regulated and program¬ 
mable. The display can be 
used as either a bar or dot 
array. Another option of the 
LM3914 is operation from 
as little as 3 volts to a max¬ 



Photo A. The S-meter—inside view. 
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imum of 18 volts. The 1C 
can drive LEDs of many 
colors. 

Theory of Operation 

In operation, the device 
senses changes in the volt¬ 
age applied to its input. 
The unit I built has an input 
range from 0.13 to 1.3 
volts. So with each in¬ 
crease of .13 volts, the 1C 
will turn on an LED in se¬ 
quence. 

Referring to Fig. 1, R1 
controls the current going 
to the LEDs. With a value 
of 1000 Ohms, current 
through R1 will be 1/10 
LED current, which gives a 
value of about 10 mA for 
LED current. 

Take a look at Fig. 2. This 


is the internal operation of 
the LM3914. The 1.2 refer¬ 
ence voltage is used for 
comparison of the voltage 
which is applied to the in¬ 
put. With each increase of 
.13 volts of the input signal, 
a resulting comparator will 
turn on and produce an 
output at pin 1 and pins 10 
to 18 which will drive an 
LED. The LM3914 could be 
replaced with a handful of 
LM339s, but it would seem 
senseless since cost would 
rise and there would be 
more work required in con¬ 
structing the circuit. Also, 
more discrete components 
would be needed. 

In Fig. 1, you will notice 
that the display can be 
placed in the bar mode by 
connecting pin 9 to the Vcc 



Photo B. The S-meter—outside view. 








line, or in the dot mode by 
connecting pin 9 to pin 11. 
The 2 2-uF capacitor be¬ 
tween pin 2 and the LED 
anode line is added only if 
the display flickers during 
operation. 

Construction 

The circuit was con¬ 
structed on a PC board 
made by Radio Shack The 
board was cut in half so that 
the LM3914 could be 
mounted behind the LED 
display using standoffs. The 
LED display I used was an 
MV57164 also purchased at 
the local Radio Shack If you 
want to save money, you 
can use ten individual LEDs 
Also. I recommend using 
DIP sockets for the display 
and the 1C. 



Fig 1. Schematic. 

Hookup you have it in the circuit 



Fig 2. Circuit of the LM3914. 


The entire project was 
placed in a 4" X 2 '/<" X 2 '/ " 
chassis box since there was 
no room on the front panel 
of the receiver to mount the 
display. If you mount the 
display in a box, you will 
have to file a rectangular 
hole to accommodate the 
display. 

I used banana jacks and 
plugs for the input, bar-dot 
display, and power connec¬ 
tions. I mounted all of the 
latter on the back of the 
chassis box, including the 
calibration pot. However, 
you can select whatever you 
think is better. I used Vi-inch 
spacers which brought the 
display to mesh nicely with 
the chassis. 


Once the project is fin¬ 
ished, the only external con¬ 
nections needed are power 
and the input connection to 
the receiver's discriminator 
circuit. The power can be 
supplied from the receiver. 
Once this is accomplished, 
apply power to the unit. The 
display will be either on or 
off. 

Now turn the receiver 
off but keep the supply to 
the project on. Adjust R2 un¬ 
til the first LED lights, and 
then back off on the pot un¬ 
til the LED goes off. Now ap¬ 
ply power to the receiver 
and watch the display. Tune 
around the band a bit to see 
the reaction of the display. 
If you can't get the display 
to light, check to see that 



properly. 

Conclusion 

I've included a couple of 
photos of the completed 
unit so you can see what the 
device looks like. No longer 
do I have to tune by ear 


when I listen to the local 
repeaters. I'm already in the 
process of building another 
"Modern S-Meter" for an 
old, somewhat tired DX-160. 

So heat up them solder¬ 
ing irons! ■ 


Your Ham Tube 

Headq uarters ! 


^tube^ough7!solds- 

SAVE SSI —high SSI FOR YOUR TUBES_ 
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85.00 7735A.27.50 

80.00 8122.105.00 
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12.00 8844.26.50 


.4.25 8877.495.00 


6883B. 6.75 8908.12.50 

Semiconductors 
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MRF 454. 14.95 SD1088 . 19.95 

MRF 455. 10.95 2N3055 .75 

2N6084.12.50 

RF Connectors 

PL259.10/$4.95 M358.2,50 ea. 

PL258.10/8.95 M359.1.75 ea. 

UG175/176.10/1.60 Type “N” Twist on 

UG255/U.2.50 ea. (RG8/u).$4.75 ea. 
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U. Donald S. Inbody AD0K 
1147 Leahy 
Monterey CA 9 3940 


Let's Have More Hams 

Part I: How to organize and run a Novice class. 


E very amateur-radio club 
attempts, or at least 
should attempt, a Novice 
class. Many of these classes 
wind up in a shambles very 
soon, however, as attrition 
reduces them to a small 
number of hardy hangers- 
on, 

"Oh well," you say, "it's 
just separating the men 
from the boys, right?" 

Wrong ! You are throwing 
away many potential hams 
who wanted to get their li¬ 
censes. They would not 
have taken the time to show 
up in the first place if they 
were not interested. That 
screening process has al¬ 
ready been done for you, so 
there's no need to do it 
again. 

So, what can be done to 
better organize and then run 
a Novice class which has the 
potential for graduating 100 


percent of those who start? 
Plenty, and most of it has to 
be done before the first stu¬ 
dent walks in and stares at 
an instructor or a chalk¬ 
board. 

Planning 

Planning has to be done 
well in advance, and several 
questions have to be an¬ 
swered. What theory and 
regulations teaching system 
or syllabus will be used? 
Which method of teaching 
the Morse code will be uti¬ 
lized? Where will the class be 
taught? How often will the 
classes meet? Who will the 
instructors be? How will the 
class be publicized? These 
are the most important 
items, and this article will 
delve into each briefly. 

Theory and Regulations 

Any attempt to teach ra¬ 


dio theory and regulations 
without an organized sylla¬ 
bus or teaching plan is 
doomed to disorganization. 
The plan must cover the en¬ 
tire subject matter and state 
exactly what must be taught 
on which day and in what or¬ 
der. Do not delude yourself 
into thinking that the FCC 
syllabus is sufficient. A stu¬ 
dent teacher in college pre¬ 
senting that document to his 
teaching supervisor would 
be laughed out into the hall¬ 
way with detailed instruc¬ 
tions about how much more 
work was required before he 
should show his face again. 

Break down each class 
session into precise time pe¬ 
riods during which certain 
matters will be taught Fig. 1 
shows a bare outline for one 
two-hour session. 

Each instructor should 
have an even more detailed 
guide, showing exactly what 
will be presented to the stu¬ 
dents, both orally and visu¬ 
ally, Fig. 2 shows a good ex¬ 
ample of what an instruc¬ 
tor's detailed lesson plan 
might look like for part of 
the section on Ohm's Law 
from the basic teaching plan 
shown in Fig 1 


Use a chalkboard, over¬ 
head projector, slides, dem¬ 
onstrations, or whatever you 
have available. A visual 
presentation has far more 
impact on getting an ab¬ 
stract idea like voltage or 
current across to a wide- 
eyed bunch of students who 
have barely even heard of a 
resistor, let alone Ohm's 
Law. 

There are several Novice 
teaching systems available, 
including those by Radio 
Shack and Heathkit® The 
ARRL "Tune in the World" 
syllabus is a good, readily 
available course. It is com¬ 
plete and easy to use as a 
teaching guide, and it comes 
complete with a textbook. 
However, regardless of the 
syllabus used, be sure it 
is complete, comprehen¬ 
sive, and presented in a 
logical sequence. If Extra, 
Advanced, and old-timer 
Cenerals aren't sure if it is a 
logical sequence, take it 
down the street to your lo¬ 
cal junior high school sci¬ 
ence teacher. Remember, 
you are teaching people 
who are not hams and may 
never have seen a ham 
radio. 


1900-1910 Introductions, names, etc. 

1910-1920 Questions and answers 

1920-1940 Resistors and capacitors 

1940-2000 Ohm’s Law, E = IR, P = El 

2000-2010 Break 

2010-2030 Morse code practice 

2030-2045 Review of Ohm’s Law, practical problems 

2045-2100 Questions and answers 

Fig 1. Example of a basic teaching plan. 
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Ohm’s Law, E= IR 

E = electromotive force measured in volts 

I = current measured in Amperes 

R = resistance measured in Ohms 

Draw basic circuit diagram on board 

Show relationship between variables when one is changed 

Do some formula solutions 

Example: Voltage = 12 V 

Resistance=2 Ohms 

What is current? Answer: 6 Amps 

Fig. 2. Sample instructor teaching guide. 


Morse Code 

The requirement for 
learning the Morse code has 
driven off more potentially 
outstanding amateur-radio 
operators than any other 
barrier. While I am not per¬ 
sonally convinced that the 
code is a valid requirement 
for a modern ham, it is none¬ 
theless a legal requirement 
and must be taught. So, why 
not make it as painless as 
possible? Do not allow it to 
screen out scores of new 
hams before they have had 
a chance to get started. 

After searching the mar¬ 
ket for Morse-code teaching 
methods, I have run across 
two distinct varieties. Both 
teach the code at five words 
per minute, initially. How¬ 
ever, one teaches each char¬ 
acter or letter at 5 wpm 
(slow style), while the other 
teaches them at 13 to 16 
wpm (fast style). The slow 
style has characters going 
by painfully slowly, while 
the fast style zips them by 
briskly. The fast style leaves 
enough time between the 
characters to give an overall 
speed of 5 wpm. In my per¬ 
sonal experience, there is no 
question about which is 
best. The fast style is far su¬ 
perior for learning the char¬ 
acters, and eliminates the 
necessity of relearning the 
characters at a higher speed 
later. 

Among the fast styles, 
there are two subcategories 
of teaching methods. One of 
them teaches the letters by 
groups of dits (E, I, S, H, 5), 
then dahs (T, M, O, 0), then 
on to the other letters relat¬ 
ed in much the same way 
(ARRL's method). The other 
starts with A and N, then 
adds T and E, M and I, and 
so forth, teaching in groups 
based more or less on oppo¬ 
sites (73' s method). I can see 
merits in both methods and 
have used them almost inter¬ 
changeably. The key to the 
whole thing is teaching the 
characters at a high speed 
(13 to 16 wpm), gradually 
bringing the overall speed 


up once the characters are 
learned. Oh, yes. . . if you 
want them to copy a 5-wpm 
test without any trouble, 
teach the code up to about 7 
wpm to allow for the jitters. 

Now, how to test for code 
comprehension. Send a 5- 
minute typical QSO, com¬ 
plete with abbreviations, 
numbers, and punctuation, 
and see how they do. You 
can either give a written 
test, as does the FCC, or just 
see if they can get a solid 
minute's copy out of the 
whole thing. Be consistent 
and let them know what you 
expect from the beginning. 
You are the one who has to 
sign on the dotted line and 
guarantee to the FCC that 
the individual can commu¬ 
nicate in the Morse code at 
5 wpm. 

One big problem nearly 
always encountered is a 
shortage of code-practice 
oscillators (CPOs). If the stu¬ 
dent doesn't get one in the 
first few weeks, he will have 
a hard time keeping up. The 
club can help out in several 
different ways. One is to 
have all those unused CPOs 
"donated to the cause" and 
give them to the prospective 
Novices. A better way is to 
have each student build one 
right away. Take part of the 
students' registration fee 
($5.00 is more than enough) 
and buy the parts to make a 
simple oscillator. Club 
members can make up some 
PC boards ahead of time 
and provide the students 
with a few soldering irons 
and a couple of helping 
hands. By the end of the first 
session, each one will have 
his/her own private CPO. 
Another quicker alterna¬ 
tive is to buy up a bunch of 
Radio Shack's code oscilla¬ 
tor modules (cat. #20-1155) 
for about $3.30 each. These 
modules will require the ad¬ 
dition of a speaker, a bat¬ 
tery, and a key. 

Another inexpensive and 
easy-to-build code-practice 
oscillator is shown in Fig. 3. 
This project should be easily 


within the capability of the 
club to help the new student 
build. One would need to 
add some sort of mounting 
for the components, prob¬ 
ably a small PC board, wire, 
a flexible two-strand cable 
to connect the key, a couple 
of screws to hold the speak¬ 
er, as well as any miscellane¬ 
ous items the builder would 
want to add. The tone isn't 
the best, but it is adequate. 
Probably some variation of 
the resistors could improve 
things. 

This does not include the 
key. Radio Shack has a pret¬ 
ty decent one for $5.95. The 
circuit draws about 30 mA 
at 9 volts with the key down. 
A 9-volt battery should pro¬ 
vide several hours of code 
practice. The current could 
probably be reduced some 
by substituting a 1-uF capac¬ 
itor in the speaker lead. (I 
didn't have one.) The circuit 
draws no current when the 
key is open, so there is no 
need for a power switch. 

Instructors 

During my early Naval 
training at Officer Candi¬ 
date School in Newport, 
Rhode Island, I remember 
one particular leadership 
lecture. The school had 
brought in an old captain, 
whose name I have since 
forgotten, to talk to us 
about the mysteries of com¬ 
mand and leadership. I re¬ 
member very little of what 
he said, except for three 
rules: 

Know your stuff. 

Take care of your men. 

Be a man. 

These three rules, which I 
am sure he borrowed from 
someone else, summarize a 


lot of things about what an 
instructor should be. 

Know your stuff. Choose 
an instructor who is very 
well versed in the material 
which is to be taught. Even a 
six-year-old will see right 
through a faker within five 
minutes. 

Take care of your men. 
The instructor needs to be 
constantly in touch with 
how well the students are 
grasping the subject matter. 
Be demanding but person¬ 
able—never be reluctant to 
drop back and teach it all 
over again with a smile if it 
did not work the first time. If 
at all possible, use a dif¬ 
ferent approach. If they 
didn't understand, it is quite 
possible that the technique 
was faulty or the examples 
didn't make sense. 

Be a man. Do not pretend 
to be Mr. or Ms. Know-it-all. If 
you do not know the answer 
to a question, admit it right 
off and make a note to bring 
the answer back next class 
period. The students will not 
think any less of you if you 
do not know one or two 
things. Also, have the moral 
conviction to stand up for 
some standards in what you 
expect of the students to 
pass the course. Do not let 
someone get by with what 
you know very well to be 
poor ability in Morse code, 
just because you are afraid 
to tell him that he has to 
work harder or do it again. 

Teacher-student ratio. Lim¬ 
it the classes to ten or 
twelve students for each in¬ 
structor. By keeping the 
teacher-student ratio down, 
each teacher can be person¬ 
ally involved with the stu¬ 
dents' progress. 
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Class frequency. In many 
cases, how often the class 
can meet will depend on 
how often the classroom is 
available. Barring this re¬ 
striction, however, twice a 
week is best. Once a week 
can be made to work, but 
the time between sessions 
makes the classes almost 
unrelated. If classes meet 
more often than twice a 
week, students (as well as in¬ 
structors) will start dropping 
out from time starvation. 
Remember, ham radio is not 
the only thing in the world. 

Publicity. If no one knows 
that you are going to have a 
class, it is hard to gather a 
crowd. Assign one person 
(the club's public-relations 
chairman) to get the word 
out. Draw up some flyers 
and get them put up around 
town. Be sure they get to 
the junior and senior high 
schools. If one of the club 
members works for the local 
school district, tap him to be 
the special agent for getting 
those youngsters notified. 
They are the best potential 
hams going because of their 
unbridled enthusiasm. Most 
of these kids play around 
with computers routinely, so 
electronics is nothing new, 
and the idea of communi¬ 
cating fascinates them. 

Get a spot on the public- 
service announcements of 
your local TV and radio sta¬ 
tions. Don't just drop off a 
note and leave; get ahold of 
news reporters and bend 
their ears for a while. Tell 
them they can film the class 
for a personal-interest story. 

Then, don't forget to look 
for prospective students in 
your own backyard: wives, 
husbands, sons, daughters, 
friends at work, next-door 
neighbors. All of these peo¬ 
ple have probably been in¬ 


troduced to ham radio by 
knowing you. Heck, offer to 
pay half their registration 
fee with the other half 
kicked back if they pass the 
test. (I hope you're not in 
this game for the money.) 

Miscellaneous Planning 
Considerations. Choose one 
individual to be the Novice¬ 
training coordinator. Then 
choose a second person to 
be the Morse-code instruc¬ 
tor. Once this is done, you 
have gone a long way to¬ 
ward ensuring consistency 
of instruction. The training 
coordinator must ensure 
that continuity is main¬ 
tained between different in¬ 
structors. The Morse-code 
instructor will ensure that 
the students aren't confused 
by a myriad of different pet 
methods of learning code. 
It's hard enough for the stu¬ 
dents to learn the code with¬ 
out having to fight their way 
through several different in¬ 
structors' ideas about how it 
ought to be done. 

For each student, assign a 
club member to be his "El¬ 
mer." This individual should 
be present at the first ses¬ 
sion, and then he should reg¬ 
ularly contact the student 
throughout the progress of 
the class. This personal 
touch is essential to main¬ 
tain interest, especially 
when initial frustrations are 
encountered. It also helps 
when the time comes to set 
up the first Novice station, 
or to answer the frantic tele¬ 
phone call at 9:00 pm con¬ 
cerning the unexplained in¬ 
terference to channel 3. Get 
your Elmers out. 

The First Class Session 

The basic rule for the first 
class session is to relax the 
students and introduce them 
to amateur radio pleasantly. 
Set up a demonstration of 


2m FM, HF CW, and SSB, 
and throw in some RTTY or 
ASCII and even some SSTV 
if it's available. Have the 
gear set up and tested well 
in advance with club mem¬ 
bers planted out in the com¬ 
munity for guaranteed con¬ 
tacts. 

Make introductions quick¬ 
ly. Pair students off with 
their Elmers, talk about ham 
radio a lot, discuss how the 
course will be run, and build 
that code-practice oscilla¬ 
tor. End it all with the dem¬ 
onstration, letting the stu¬ 
dents get on the air a bit. 

I watched the glazed eyes 
of several students after 
they walked out of a first 
session in which they had 
been hit with E = IR, P= IE, 
468/f(MHz), and a list of the 
Novice operating frequen¬ 
cies. They had little idea of 
what they had been given, 
and they felt they were al¬ 
ready in over their heads. 

So, bring them in gently, 
then begin talking about the 
more substantive material in 
session number two. By 
then, they have had a 
chance to talk to their El¬ 
mers, get in a bit of code 
practice, read the text book, 
and raise a few good ques¬ 
tions. Things will be off to a 
better start with much less 
early attrition. 

Keeping It All Flowing 

Once the initial excite¬ 
ment has died away, it is 
down to the work of teach¬ 
ing and testing. If you have 
more than one instructor, 
the class coordinator must 
constantly be sure that the 
teaching is consistent be¬ 
tween classes. Keep track of 
each section's progress. If 
one student seems to be 
dropping behind, get the as¬ 
signed Elmer onto the case 
right away. The Morse-code 
instructor should be sure 
that all practice is done con¬ 
sistently and should check 
each student every class 
period. Tests should be 
available every class session 
for anyone feeling he is 
ready. Emphasize the impor¬ 



Fig. 3. Inexpensive code-practice oscillator. 
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tance of getting that code 
out of the way first. 

Wrapping It All Up 

At some point, all the 
material will have been 
taught, and everyone will 
have been given an oppor¬ 
tunity to learn the code. 

Those who have not 
passed the code by the end 
of the program need to have 
special attention. In most 
cases, these people are the 
"Nervous-Nelly" types, who 
get the jitters each time they 
take a test, or who have con¬ 
vinced themselves that it is 
all too hard. With these peo¬ 
ple you have to pull out all 
the psychological stops. Be 
sure these people get with 
their assigned Elmers. Keep 
encouraging them. Above 
all, keep them with other 
hams and try to maintain 
their interest. 

You will lose some, per¬ 
haps, but don't let it happen 
because you just let them 
slip away, frustrated. Stay in 
touch with them, and let 
them know that it is always 
possible to try again. It is 
often easier the second time 
around. 

If you publicize well, and 
in the right places, the peo¬ 
ple will respond. Then, by 
managing the resources 
available to the local club 
and by spending a lot of pre¬ 
liminary time in planning 
and organizing, you can 
graduate most anyone who 
sincerely tries. Let's get 
some more good hams into 
our community. They are out 
there just waiting for you to 
give them a chance. ■ 


CPO Parts List 


555 timer $ .34 

Ik .05 

100k .05 

.01 uF .08 

2 uF .13 

2” speaker 1.25 

9-V battery 1.00 

battery lead .10 

case 1.99 


(Radio Shack) 
Total $ 4.99 

Thanks to WA0PBQ, my dad, 
for the circuit design and de¬ 
scription. 





liw Burtoft KC3HW 
RD 2, Box 131 
Washington PA 15301 


Let's Have More Hams 

Part II: How to take and pass FCC exams. 


T ake it from me, upgrad¬ 
ing your amateur li¬ 
cense is a major task. Think 
about it. First there's the 
time spent studying, then 
there's the trip to the exam 
point (often far away), and 
finally there's the exam it¬ 
self. 

I know. I've recently re¬ 
turned from taking the Ad¬ 
vanced exam. For me, the 
entire process was fun be¬ 
cause I passed the first time. 
Unfortunately, for some in 
the room it wasn't fun. They 
failed. And for some it was 
their third time. 

Despite all protests other¬ 
wise, the real reason appli¬ 
cants fail the exam is inade¬ 
quate preparation. When 
you go for the written, you 
must know the material 
thoroughly 

This is going to be even 
more important in the future 
with the recent changes al¬ 
lowing volunteer examiners. 
You can be sure that the 
new exams will not be com¬ 


promised easily. Some book 
publishers may find them¬ 
selves out of business. The 
net result will be an increased 
emphasis on understanding 
and a reduced reliance on 
question memorization. 

Surprisingly, most, if not 
all, study materials overlook 
one important phase of prep¬ 
aration—that of preparing 
your test-taking skills. Re¬ 
member, the FCC determines 
your qualifications by ad¬ 
ministering a test It's unfor¬ 
tunate but true that a person 
can know the material but 
still miss questions because 
of poor test-taking skills. My 
goal in this article is to im¬ 
prove your skills. A little time 
spent on brushing up here 
could make the difference 
between passing and failing. 

The First Mistake 

Mistake number one usu¬ 
ally comes long before the 
applicant walks through 
the examination-room door. 
Sometime after he begins 


studying for his first license, 
the ham-to-be learns that all 
FCC exams are multiple 
choice. 

A feeling of pleasure and 
relief overcomes the neo¬ 
phyte. After all, he reasons, 
what could be easier? The 
answer's right there in front 
of me. All I have to do is 
pick it out. 

This attitude toward a 
multiple-choice-type exam is 
the first mistake. Actually, a 
well-written multiple-choice 
exam is not the gift some 
think it to be. It can be one 
of the most difficult exams 
to bluff your way through. 
Multiplechoice questions are 
written to require a sound 
knowledge of the covered 
material. Let's look at Fig. 1, 
which is sample question 
number one, and use it as an 
illustration. 

In order to answer this 
question, we have to know 
Ohm's Law. To get the an¬ 
swer, you must divide the 
voltage by the amperage. In 
this case, B is the correct an¬ 
swer 120Q. 

If you're well grounded in 
this basic law, it's no prob¬ 
lem. But what if you are 


weak on this point? What if 
all you could recall was that 
Ohms, volts, and Amps are 
interrelated and that you 
can get one by multiplying 
or dividing the others 
somehow or another. If you 
multiply volts times Amps, 
you come up with 4.8Q. This 
answer also is listed (C) as a 
possible choice. No amount 
of inductive reasoning can 
help you eliminate a wrong 
answer like this. You must 
know the material. 

The Role of the "Good- 
Looking" Wrong Answer 

FCC exams have often 
been maligned as being un¬ 
fair, tricky, or as not really 
testing your knowledge. Ac¬ 
tually, it's not so. The charg¬ 
es stem from the use of the 
"good-looking wrong an¬ 
swer" in a multiple-choice 
test. Look back at question 
one again. 

The purpose of this ques¬ 
tion is to test the applicant's 
ability to use Ohm's Law to 
solve basic dc calculations. 
Therefore, all the answers 
can be derived by adding, 
multiplying, or divicjgjig the 
other numbers in the prob¬ 
lem. 


In the circuit shown, what is the value of R1? 

A) 24.20 C) 4.8Q 

B) 120Q D) 480 L 

Fig 1. Sample question one. 
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What Is the simplest form of an amplitude modulation detec¬ 
tor circuit? 

A) Transistor detector 

B) Balanced detector 

C) Diode detector 

D) Diode series demodulator 

E) Diode rectifier 

Fig. 2. Sample question two. 


How much testing can oc¬ 
cur if the wrong answer 
choices are listed in kHz, pF, 
or mA instead of Ohms? 
Very little, of course. If the 
wrong answer choices are 
listed in anything but Ohms, 
the purpose of the question 
is defeated. 

In order to test the appli¬ 
cant's ability effectively, the 
wrong answer choices must 
be similar in form and con¬ 
tent to the right answer In 
the process of keeping the 
wrong answers from being 
obvious, the exam writers 
create the good-looking 
wrong answer. These an¬ 
swers are designed to be 
equally as appealing as the 
right answer For the individ¬ 
ual with a poor grasp of the 
material who is just guess¬ 
ing, it can be extremely diffi¬ 
cult to differentiate the right 
answer from a good-looking 
wrong answer. 

Exam writers create good- 
looking wrong answers by 
taking a basically correct 
answer and modifying it 
with a misconception. Here's 
an important point for you to 
remember as you're taking 
your exam. When you're 
considering the various 
choices, don't be looking for 
truth in the answer, be look¬ 
ing for error ! 

All answers will have 
some semblance of truth in 
them. Only one will contain 
no error. The amount of er¬ 
ror incorporated in the test 
answers determines the dif¬ 
ficulty of the test. The less 
error, the more difficult it is 
to distinguish the right an¬ 
swer from the wrong one. 

Let's look at question two 
in Fig. 2 and use it as an ex¬ 
ample. Question two is a 
definition question. The cor¬ 
rect answer is C: diode de¬ 
tector. Now look at all the 
incorrect answers The words 
"diode" and "detector" are 
sprinkled through the wrong 
answers. They are the truth 
part The balance makes up 
the error part 

It takes a thorough knowl¬ 
edge of the material to 


answer the question. If all 
you can remember is that 
it's "some type of detector" 
or "it had a diode in it" your 
chance of guessing correctly 
will be minimal. 

Now that you're aware of 
these good-looking wrong 
answers, be careful to stay 
clear of them on your exam. 
Don't jump at the first an¬ 
swer that looks appealing. 
Look at it closely. Remem¬ 
ber, you're looking for error, 
not truth. 

The Multiple Types 
of Multiple Choice 

Although the whole exam 
is multiple choice, all the 
questions won't have the 
same format In fact they 
break down into three dis¬ 
tinct types with a different 
technique needed to cor¬ 
rectly answer each type. 
Let's look at each of them. 
My goal is to give you a 
practical technique for get¬ 
ting what you do know 
down on paper in the "form 
of a correct answer. 

Problem questions. The 
first kind is the problem 
question. Question one is an 
example of this kind. This 
question provides some in¬ 
formation about the circuit 
and then, based upon this in¬ 
formation, asks you to de¬ 
termine the value of some 
other portion of the circuit. 
To be able to answer this 
question, you must be famil¬ 
iar with electronic formulas. 

The most important step 
in correctly answering this 
type of question is to keep 
your eyes off the answers. I 
strongly advise that you 
cover them with a sheet of 
the scratch paper provided 
with the exam. The choices 
that the exam offers are ir¬ 
relevant at this point and 
will bias your thinking if you 
read them. 

Having covered up the 
answers, read the question 
carefully. Note all the infor¬ 
mation given. Your answer 
must be based on this infor¬ 
mation alone. Don't read 
anything into it 

Next, determine what 


steps you're going to use to 
arrive at the answer. In ques¬ 
tion number one you could 
say to yourself, "I'm going 
to divide the voltage by the 
amperage to get the resis¬ 
tance." 

Usually the questions are 
not this easy. You'll find 
yourself having to do two or 
three intermediate steps to 
arrive at the final answer In 
the longer problems, this 
technique really pays off. If 
you think the problem 
through in advance, you are 
less likely to stop short of 
the final answer or become 
confused. 

The final preparatory step 
is to decide what is the cor¬ 
rect unit of measure for your 
answer. Is it Ohms, volts, 
uH, or pF? Determining this 
now can help you avoid 
some of those good-looking 
wrong answers. It's common 
to find the result of some in¬ 
termediate step listed among 
the answers. Don't get 
caught. 

While all this seems time- 
consuming and unnecessary, 
it's neither. What you've 
done so far you would have 
done anyway The advan¬ 
tage is that you are less likely 
to make an error if you do all 
the reasoning in a single step 
rather than piecemeal as you 
go. In addition, knowing 
what you're doing tends to 
take off some of the 
pressure. As you relax, you'll 
probably do better work. 

Now start your work by 
writing down your formula 
in its symbolic form. It 
doesn't matter if it's as sim¬ 
ple as Ohm's Law. Write it 
down. 

Right now I can hear 
someone saying, "Hrump! 
That's dumb. I'll bet Extra¬ 
class hams don't write down 
formulas!" 


Well, maybe they do and 
maybe they don't, but you 
aren't an Extra (yet). Frankly, 
it doesn't matter if you ever 
write one down again after 
the exam. It is important 
that you get the right answer 
this time, and writing it 
down reduces the possibility 
of skipping steps in the pro¬ 
cedure. 

Besides, if you goof, every¬ 
thing's written down on pa¬ 
per in logical order so that 
you can recheck your work. 

Once you've arrived at 
your final answer (making 
sure that it's in the same unit 
of measure that you deter¬ 
mined beforehand), uncover 
the test answers and com¬ 
pare your answer to those 
listed. 

Just a personal observa¬ 
tion here: I've rarely arrived 
at the exact same answer as 
was listed in an FCC exam. 
The difference probably lies 
in where we rounded off 
very large numbers. Your an¬ 
swer should be close, how¬ 
ever. Pick the one closest to 
yours if you're satisfied 
you've made no mistakes in 
your calculations. 

Does this sound like a lot 
of work? Actually, it's no 
more than you would do 
any other way. What you 
have done is to force your¬ 
self to think your way 
through the problem first 
then to solve it by following 
a pattern of logical steps, 
and finally to avoid letting 
miscues from those good- 
looking wrong answers bias 
your reasoning. 

Definition questions. The 
second kind of question that 
you'll encounter is the defini¬ 
tion question. It's just what 
it sounds like. You must 
choose a word or phrase 
from the list of answers that 
the definition in the ques- 
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A) —all frequencies below its cutoff. 

B) —all frequencies above and below its bandpass. 

C) —all frequencies in its bandpass. 

D) —all frequencies above its cutoff. 

Fig 3. Sample question three. 


F A) —all frequencies below its cutoff. 

F B) —all frequencies above and below its bandpass. 
F C) —all frequencies in its bandpass. 

T D) —all frequencies above its cutoff. 

Fig. 4. Another look at question three. 


tion best describes. Ques¬ 
tion two in Fig. 2 is our ex¬ 
ample. 

Our number one rule here 
is the same as with the prob¬ 
lem question: Don't look at 
the answers. Cover them 
with a sheet of scratch pa¬ 
per, They're irrelevant and 
can only tend to bias your 
thinking. 

Now, with your answers 
covered, read the definition 
carefully. While reading, 
pay close attention to any 
limiting words such as 
"only," "all," "most" "al¬ 
ways,” etc. These words can 
affect the answer to the 
question. Make sure you've 
noted them when forming 
your answer. 

Having read the question, 
decide (still without looking 
at the test answers) what 
you believe the answer to 
be. Now you may uncover 
the exam answers. Your an¬ 
swer will probably be on the 
list. If not, there will be one 
that you recognize as mean¬ 
ing the same. You've found 
your answer. 

Again you have gone 
through a thought proce¬ 
dure that has forced you to 
arrive at the answer on your 
own The definition-type 
question is where you are 
most susceptible to the 
good-looking wrong answer. 

Statement questions. The 
final kind of question is the 
statement question. This 
question differs substantial¬ 
ly from the two kinds dis¬ 
cussed above. Let's look at 
question number three in 
Fig. 3 and explain it. 

Question three is com¬ 
posed of the beginning of a 
statement. Each of the an¬ 
swers forms a completion to 
the statement You will be 
asked which one of the pos¬ 
sible answers makes a true 
statement when coupled to 
the question. Part of the in- 
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formation needed to answer 
the question is located in 
the answer portion, so in this 
case you must become in¬ 
volved with the exam an¬ 
swers before forming your 
own answer. 

Be cautious, because it's 
extremely easy to draw a 
wrong conclusion based on 
something contained in one 
of the good-looking wrong 
answers. As you look at your 
possible answers, you will 
find that most of them 
sound reasonable. 

Remember what we said 
about the good-looking 
wrong answers being a ba¬ 
sically true statement with 
some degree of error includ¬ 
ed. The answer that you're 
looking for here is the only 
one that makes a complete¬ 
ly true statement coupled 
with the question. There¬ 
fore, you should be looking 
for errors in reasoning. 

The best way to handle 
this question is to treat it as 
a multi-part True and False 
question. Look at the same 
question in Fig. 4. In this il¬ 
lustration we take the ques¬ 
tion and mentally couple it 
to answer A; because an¬ 
swer A when connected to 
the question makes a false 
statement, we have pen¬ 
ciled an F in front of it. The 
same process is used as we 
determine that B and C are 
incorrect. Answer D when 
connected to the question 
forms a true statement D, 
then, is the right answer. 

You are more likely to get 
the question right if you 
treat each answer as a separ¬ 
ate True-False statement 
and look for errors in reason¬ 
ing. 

Statement questions can 
take several forms. Some 
may have no information in 
the question. They may sim¬ 
ply ask, "Which of the fol¬ 
lowing statements is cor¬ 


rect?" This is still a state¬ 
ment question and is an¬ 
swered using the same tech¬ 
nique. 

Statement questions may 
also take a negative form. 
You may be asked, "Which 
of the following is not true?" 
Special care must be taken 
to see that you remember 
that you're looking for the 
one statement with error 
Under the pressure of the ex¬ 
am, it's easy to forget that 
the question is reversed and 
panic when you find two 
statements that are abso¬ 
lutely true. 

What To Do 
When You're Not Sure 

It would be wonderful if 
you had prepared yourself 
so thoroughly that you knew 
the correct answer to every 
question That's not realis¬ 
tic, though. There are al¬ 
ways the tough ones. 

Let's review a couple of 
suggestions that might help 
when the going gets tough. 

First, there's the old stand¬ 
by—skipping and coming 
back to it later. Usually the 
applicant hopes that there 
will be something in one of 
the later questions to help 
him answer the one he's 
stuck on. 

This suggestion is highly 
overrated. Exam writers are 
on the lookout to ensure 
that information from one 
question doesn't answer an¬ 
other. The best that you can 
reasonably expect is to 
come back to the original 
question in a different frame 
of mind. 

Another method of find¬ 
ing an answer to an other¬ 
wise impossible question is 
to rearrange the words in the 
question. Look at Fig. 1 
again. 

If you can't remember 
how to find resistance, per¬ 
haps you can remember 


how to find amperage. With 
the information given, we 
can rearrange the question 
so that we can solve for am¬ 
perage. Which of the possi¬ 
ble answers, when divided 
by the voltage, gives .2 
Amps? Answer B is the only 
one. 

You can do something 
similar with definition and 
statement questions. To use 
this system, look at each of 
the answers and recall ev¬ 
erything that you can about 
it. Your goal is to eliminate 
answer choices for which 
you can recall some other 
function or characteristic. 

Look at Fig. 2 again. Let's 
assume that you couldn't 
decide between answers C 
and E. Perhaps you were un¬ 
sure because you knew that 
both were tied in with 
changing ac to dc. By re¬ 
viewing everything you can 
on both subjects, just per¬ 
haps you'll recall that diode 
rectifiers are used in power 
supplies. Since you can 
think of another application 
for diode rectifiers (answer 
D) but can't think of another 
use for diode detectors (an¬ 
swer C), then diode detec¬ 
tors is your best choice. 

I'm offering no guarantees; 
nothing is going to give you 
the answer when you don't 
know enough. The hope is 
that one or another of these 
suggestions may shake 
something out of the old 
brain box that you aren't 
aware is there. 

The Follow-Through 

You're finished with the 
exam but not with the 
chance for a mistake. Like 
everyone before you, there 
are probably one or more 
questions that you're not 
too sure about. What should 
you do? 

Changing answers is a 
counterproductive activity. 
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Here's a hard and fast rule: 
Don't change your answers 
unless you either find an er¬ 
ror in your calculation or 
you recall a specific piece of 
information that makes you 
realize an answer is wrong. 
Don't change your answer 
because you're having sec¬ 
ond thoughts. Vour first im¬ 
pression is usually your best 
Leave it alone 
There's one last thing that 
you should do before turn¬ 
ing in your exam. Take a few 
seconds to relax from the 
tension of the exam and 
then go back over your an¬ 
swer sheet. This time you're 
looking for errors on your 
answer sheet. Look at each 
question and then the an¬ 
swer that you put down on 
your sheet Is it the answer 
that you intend to have 
there? Under the pressure of 
the exam, you could easily 
have marked the wrong an¬ 
swer slot on the sheet. 
Now's the time to check the 
sheet and correct any 
mistakes. 


The last step? Turn in your 
sheet and wait for the result. 
If you've followed the sug¬ 
gestions given here, your ex¬ 
am will be a true reflection 
of what you know—and 
that's what it should be. 

A Word About Preparation 

As I've said before, the 
key to passing an FCC exam 
is preparation. You abso¬ 
lutely must know the mate¬ 
rial. Think about it for a mo¬ 
ment. How much real study¬ 
ing have you done? I don't 
mean reading the Q & A 
manuals, I mean real hon- 
est-to-goodness studying. 

Before you waste time 
and effort taking the exam, 
consider spending some 
time, effort, and money on a 
formal course of study. Not 
only will it help you get 
through the exam, it will al¬ 
so make ham radio more in¬ 
teresting. 

73, and I hope to hear you 
on the bands with an "inter¬ 
im" attached to your call!■ 


Free Antenna Accessories Catalogl 



i Coaxial Antenna Relays 

Remotely select up to 9 antennas 
trom your transmitter, using only one 
coaxial cable Environmentalized, high 


W2AU and W2DU Baiuns* 

Our baluns. center insulators and in¬ 
sulators have been preferred for 20 
years by Hams, industry, and the armed 
forces. Protect against TVI and lightning 
1.8-200 MHz 


< W2Y/S Antenna Traps 

Add these traps to your dipole and 
gel low SWR on 2 to 6 bands, depen¬ 
ding on how many you add Antenna 
wire and custom tuts also available 


Send For Yours Today* 

Don I delay. Call or write today, and 
we will send you free literature which 
fully describes our Ham antenna ac¬ 
cessory product line 

Dealer inquiries also welcome. 

A j ' L* j-p Toll Free 

^ 166 _WYlHBAKICenede (Coiled) 31S-W-3953 





HIGH PERFORMANCE 
PRESELECTOR-PREAMP 


The solution to most interference, intermod, and desense 
problems in AMATEUR and COMMERCIAL systems. 

• 40 to 1000 Mhz - tuned to your frequency 

• 0 large helical resonaiors 

• low noise - High overload resistance 

• 8 dB gain - ultimate reteclion> 80 dB 

• 10 to 15 volts DC operation 

• Size - 1 6 x 2.6 x 4 75" exc connectors 

• FANTASTIC REJECTION' 

Typical rejection . Price $89.95 Dipolar w/RCA jacks 

±600 Khz@144 Mhz -28dB Connector options BNC S5. UHF $6 
± 1 6 Mhz@220 Mhz -40dB N $10 

±5 Mnz@45Q Mhz -50dB SUPER HOT! GaAs Fet option $20 



GLB ELECTRONICS 

1952 Clinton St. Buffalo. NY 14206 
716-824-7936. 9 to 4 _ 































Sieve Finberg W1CSL 
PO Box 82, Ml T Br. 
Cambridge MA 02139 


Son of Nicad Conditioner 

This intelligent discharger knows when to stop 
and tells you how much time it took. 


I found the "Nicad Condi¬ 
tioner" article by W2KPE 
(73. April, 1981) quite inter¬ 
esting, having previously 
constructed a similar de¬ 
vice, The nicad conditioner 
discharges a battery pack 
each time before then re¬ 
charging it, 

I recently needed to con¬ 
struct another for the local 
security force which was in¬ 
terested in cycling its bat¬ 
teries, Since they already 
had a battery charger set up 
to "rapid-charge" batteries, I 
decided to build only 
W2KPE's simple discharger 
(shown in his Fig 1. repro¬ 
duced here) Several prob¬ 
lems immediately devel¬ 
oped with his simple circuit. 
First, it would not stop the 
discharge at the desired cut¬ 


off voltage; it just turned 
into a buzzer. And if the bat¬ 
tery was accidentally con¬ 
nected backward, the con¬ 
trol transistor burned out 
instantly. My improved cir¬ 
cuit corrects these problems 
and adds a simple timer to 
make life-testing of batteries 
much easier 

First, some background 
for those who may not have 
read the earlier article. The 
nicad batteries commonly 
used in hand-held trans¬ 
ceivers have one undesir¬ 
able characteristic: memo¬ 
ry They tend to remember 
the way in which they have 
been used. If they have been 
used only lightly, or not at 
all, any attempt to heavily 
and fully discharge them 
will result in a quick 


discharge—much quicker 
than their Amp-hour rating 
would suggest (See Fig. 2.) 
This is especially true if 
they have been continuous¬ 
ly charged without use for 
a long period. It has been 
shown that completely charg¬ 
ing and discharging the bat¬ 
tery several times (cycling) 
will erase the memory and 
restore full capacity. 

A single nicad cell may be 
safely and fully discharged 
by merely placing a suitable 
load resistor across it (Fig. 3) 
and waiting for the voltage 
to go to zero. This, how¬ 
ever, is not suitable for 
discharging nicad battery 
packs. If we let the nicad 
pack discharge to zero, a 



Fig 2. Nicad discharge char¬ 
acteristics. Note early drop 
associated with memory. 


very dangerous phenome¬ 
non can occur. Some of the 
cells in the pack will dis¬ 
charge to zero before the 
others, due to mismatch of 
cell capacities. The cells 
which reach zero volts first 
will still have current being 
forced through them by the 
others. This will tend to re¬ 
verse-charge (change the po¬ 
larity of) these cells. Once a 
nicad is reverse-charged, it is 
very likely to short out. If a 
single cell in a pack shorts 
out, it will no longer take any 
charge and can only be res¬ 
cued by heroic measures.* 

To reduce the possibility 
of reversing any cells, it is 
good practice to halt the dis¬ 
charge of a nicad pack when 
its voltage drops to just less 


"‘Zapping Dead Nlcads to life,” 
K20AW, 73. January, 1976. 



Fig 3. Single<ell discharger. 




Fig. 1. KIKPE's conditioner/discharger circuit. 
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Photo A. The mounting of the discharger is not critical. This 
version was built into a 3“ X 5" X 7" mini box. 


than 1 volt per cell (10 to 12 
V for a 12-cell, 15-volt bat¬ 
tery pack). 

W2KPE's final circuit, 
with a latch to start the 
charger, probably worked 
just fine. However, his basic 
circuit has two problems: 

1) When the battery 
reaches the point of dis¬ 
charge (V^j = V z + .7 volts), 
the relay opens and removes 
the load. The battery volt¬ 
age increases when the load 
is removed, causing the 
relay to pull in, loading the 
battery, and the cycle 
repeats rapidly. This makes 
a good buzzer to tell you 
the battery is discharged! 
However, it leads to a seri¬ 
ous life problem for the 
relay, and I prefer to use an 
LED as an indicator to mini¬ 
mize noise pollution. 

2) If the battery is con¬ 
nected backward, virtually 
the entire battery voltage is 
placed across Ql's base- 
emitter junction. Unfor¬ 
tunately, the breakdown 
voltage of most transistor 
base-emitter junctions is less 
than 6 volts. Once the junc¬ 


tion breaks down, there is 
nothing to limit the current 
flow and the transistor burns 
out. 

In my improved circuit 
(Fig. 4), the discharge cycle is 
started via zener 1. Zl's volt¬ 
age was chosen so that the 
discharger will start auto¬ 
matically only with a good, 
fully-charged battery. Once 
the relay pulls in, zener 2 is 
connected. The battery will 
continue discharging until 
its voltage drops to less than 
V Z2 + 2.1 V The series 
diode, D1, prevents polarity- 
reversal burnout D3 keeps 
R2 from drawing current 
(through Z1 and Z2) with the 
relay open. 

To use the discharger, 
first charge the battery in 
the normal way and then 
connect it to the discharger. 
If the discharge LED (D4) 
comes on, there are no 
shorted cells. If not the bat¬ 
tery has a shorted cell or 
may not have been fully 
recharged. SI allows the dis¬ 
charge of low-voltage bat¬ 
teries to start Once the dis¬ 
charge cycle is started, just 



Photo B. The discharger and CMOS timer are built on a 
piece of 1C pert board. 


sit back and wait for the LED 
to go out The length of time 
that the LED stays on is pro¬ 
portional to the battery's 
capacity. 

A discharge timer (Fig. 5) 
is a very useful addition. It 
allows a relative measure¬ 
ment of battery capacity 
without constant attention. 
The circuit measures the 
length of time it takes to dis¬ 
charge the battery. To use 
it, discharge the battery as 
above. Once the LED goes 
out. push the "read" button 
before removing the bat¬ 
tery. The number of minutes 
it took to discharge is dis¬ 
played in binary by LEDs D5 
through D12. 

The timer circuit is quite 
simple. IC1, a 555 timer, runs 
as a 1/64-minute oscillator 
whenever the relay is pulled 
in. Its output drives a 14-bit 
CMOS counter, IC2. The last 
8 bits are displayed by LEDs 
D5 through D12. R6 and C2 
act to reset the count to 
zero upon battery insertion. 
The CMOS counter is al¬ 
ways connected to the bat¬ 
tery. Its current drain is so 
low that it does not further 
discharge the battery once 
the relay opens As long as 
the battery voltage remains 
above 3 volts, it will remem¬ 
ber the discharge time. S2 
connects the display LEDs 
only when a reading is de¬ 
sired, so that the battery will 
not discharge significantly 
after the relay opens. 

I was only interested in re¬ 


lative discharge times, so 
the timing of a 555 was ade¬ 
quate. A crystal-controlled 
clock could be substituted if 
greater accuracy is needed. 

Design 

Select zener 1 so that 
V Z1 +1.4 V is just less than 
the fully-charged battery 
voltage. Select zener 2 so 
that V Z2 + 2.1 V is your de¬ 
sired cutoff voltage (usual¬ 
ly equal to 1 V per cell in 
the battery). 

Zener Diodes 

In selecting zener diodes, 

I ran into two problems: 

1) They are made with 
fairly broad tolerances; usu¬ 
ally I had to pick from sever¬ 
al to get the exact voltage I 
wanted. 

2) Above 10 volts, they 
are available only in fairly 
coarse steps. 

Since the cutoff voltage is 
not critical, this caused no 
problem with Z2. However, I 
wanted to set the turn-on 
voltage fairly accurately. 
My solution was to stack 2 
zeners in series for Z1 (see 
Fig. 6). The zener voltages 
effectively add. Because 
low-voltage zeners are avail¬ 
able in finer steps, this made 
possible a more exact set¬ 
ting of the turn-on voltage. 

I started with the existing 
Z2 (8.2 V) and placed a 
5.6-volt Z1' in series, giving 
an equivalent V Z1 of 13.8 
volts. This set the tum-on 
voltage at 15.2 volts. 
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Fig. 4. Improved discharger with polarity protection and 
shorted-cell detection. 


-TIMER- 


are what I used for Motorola 
15-volt (12-cell), 450-mAh 
batteries discharged at 300 


„ „ ,, , , , , Nothing is particularly 

Photo C. Press the read button and see the discharge time in crjtjca | , buHt 

my unit in an 

binary form. This battery has been discharging for 39 a | uminum B ud box with a 
minutes (32 + 4 + 2 + 1). sleeve from a charger 

mounted on top. All of the 
circuitry except the load re¬ 
sistor is mounted on a small 
piece of perfboard. The 


Zener Substitute 

A crude but effective sub¬ 
stitute for the zeners can be 
made with several series- 
connected forward-biased 
diodes. Eight series silicon 
diodes will work as a 5.6-volt 
"zener." Each additional 
diode raises the voltage by 
about .7 volts. Any small sili¬ 
con diodes such as 1N914s 
will do. While series diodes 
take up much more room, 
they offer the advantage of 
easily setting the voltages 
with good resolution (.7 V), 
and at 10 for $1 (Radio 
Shack part no 276-1122), 
they are cheaper and easier 
to get than standard zeners. 
The voltage drop across 
each diode is not very pre¬ 
cise, so you may have to ex¬ 
periment to get the exact 
voltage you need. 

The load resistor should 
draw about the same cur¬ 
rent as your transceiver does 
in transmit (R2 = V^,/ 
l tran5 ). R2 will get hot and 
must be a power resistor. If 
your load current is fairly 
low, you may want to in¬ 
clude the 20 mA or so that 
the relay and indicator LED 
draw in the discharge calcu¬ 
lation. Because the CMOS 
counter can only safely 
drive 3-mA loads directly, 
set LED current-limiting re- 
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sistors R7 through R14 for 3 
mA at full battery voltage. 
The values in the parts list 


switches support the board 
and the LEDs are positioned 
to show through holes cut in 
the top. The load resistor 
gets moderately warm, so 
adequate ventilation should 
be provided. 

An alternative to the 
CMOS timer is a standard 
electric clock. If a double¬ 
pole relay is substituted for 
K1, the second pole can con¬ 
trol a 110-volt-ac outlet (Fig. 
8). An ordinary electric 



Parts List 



Part 

Description 

Radio Shack 

Price 



part number 


Cl 

1-uF, 50-V (16-V)* 

272-1419 

$.49 

C2 

,33-uF, 50-V (.47, 16-V) 

272-1417 

.49 

D1, D2, D3 

1N4001 silicon diode 

276-1101 

.75 

D4 

Jumbo red LED 

276-041 

.40 

D5-D12 

Mini red LED 

276-026 

3.16 

IC1 

NE555 timer 

276-1723 

.99 

IC2 

CD4020B CMOS counter 

Active Elec.** 

.63 

K1 

SPDT relay, 12-V, 1000-Ohm coil 

275-003 

2.99 

Q1 

2N2222 NPN transistor 

276-1617 

.20 

R1 

8.2k, 1/4-W (6.8k) 

271-1333 

.08 

R2 

50Ohm, 25-W (10-W) 

271-133 

.45 

R3 

1.8k, 1/4-W 

271-1324 

.08 

R4 

1-meg, 1/4-W 

271-1356 

.08 

R5 

180k, 1/4-W (150k, 1/2-W) 

271-047 

.09 

R6 

100k, 1/4-W 

271-1347 

.08 

R7-R14 

5.1k, 1/4-W (4.7k) 

271-1330 

.63 

S1.S2 

SPST NO push-button 

275-1547 

1.00 

Z V 

1N751 5.1-V zener (1N4733) 

276-565 

.45 

22 

1N756 8.2-V zener (see text) 




Metal chassis (5.25" x 3" x 2") 

270-238 

2.49 


1C perfboard, 1.5" x 4" scrap 

276-168(2" x 3") 

1.95 


Charger contact sleeve 

Motorola*** 



for HT 220 “Omni” (1 have often 

P/N 15-84799H03 

4.55 


found fully-assembled used 

+ 2 04-84734H01 

.18 


charger sleeves at ham flea 

+ 2 39-05605A01 

1.32 


markets for only $2-3.) 

+ 2 14-82296E01 

.80 



+ 2 41-82093A02 

.53 

* All of the parts 1 used were found in the depths of my junk box. 1 have listed the nearest equivalent 

Radio Shack parts where possible. Any difference between the part used and the(Radio Shack) part 

is noted with parentheses. 



••Active Electronics, PO Box 8000, Westborough MA 01581. 


*** Motorola C & E, 85 Harristown Rd„ Glen Rock NJ 21076. For other radios, either contact 

manufacturer for charger replacement part or home-brew suitable contacts 

out of nails or 

| sharpened screws and plastic. 








Photo D. If you don't like ICs, use an electric clock. This 
discharger uses the guts of an old kitchen clock as the timer. 


clock can then display the 
elapsed time. While this is 
easier to build and read, the 
cost of the clock is higher, it 
would not reset itself, and it 
is not as portable. 

A few words of caution: 
This device is very useful 
but it is not a panacea. 


Nicads can lose capacity for 
reasons other than memory, 
in which case cycling will 
not restore full capacity 
One of the prime causes of 
early failure is overly-rapid 
charging, leading to over¬ 
heating and electrolyte dis¬ 
charge. Once a cell's seal 





X 
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Fig. 5. Discharge timer. Each lit LED represents a fixed time 
since the discharge started. Add all the illuminated times to 
get the total time of discharge. 


has been broken and the in¬ 
ternal electrolyte vented, 
there is no way to restore 
lost capacity. For this rea¬ 
son, unless you are very con¬ 
fident that your "rapid 
charger" can limit any tem¬ 
perature rise, I would never 
recommend charging any 
faster than at a 1-C rate 
This means that the charge 
current is set to one tenth 
the milliampere-hour capac¬ 
ity (C) of the battery. For my 
450-mAh batteries, this re¬ 
quires a charge current of 45 
mA. It takes about 16 hours 
to fully recharge a battery at 
this rate. Most manufactur¬ 
ers claim their cells can 
withstand this charge rate 
indefinitely without failure. 

Nicads have a finite life of 
only several thousand dis¬ 
charge cycles. Since each 
full cycle by the discharger 
represents one of them, it 
seems best not to allow your 
battery to develop a memo¬ 
ry by fully using it (trans¬ 
mitting) rather than cycling 
it. Unfortunately, many 
hams' lifestyles don't permit 
this. The radio sits in the 
charger till the weekend, or 
maybe they prefer to listen 
most of the time. In these 
cases, occasionally cycling 
the battery makes sense, es¬ 
pecially before big events 
when you will need longer- 
than-usual service. 

In summary, nicad bat¬ 
teries need occasional cy¬ 
cling to remove memory ef¬ 
fects. Care must be taken in 
discharging nicad batteries 
to prevent cell-reversal 
damage. An improved dis¬ 
charge device is presented 
for use by those who already 
have a suitable charger The 



Fig 6. Zener arrangement for 
improved resolution in set¬ 
ting turn-on voltage. 





Fig. 7. Series-diode substitute 
for zeners. Any silicon 
diodes will do. 1N914s or 
1N4001s are fine. 



Fig. 8. Electric clock used as 
a timer. This requires an extra 
pole on relay K1. 


improved discharger can 
detect the presence of 
shorted cells, is not subject 
to reverse-voltage burnout, 
and is silent in operation A 
timer has been added to aid 
in judging battery capacity. 

Over the last several 
years, this battery dis¬ 
charge device and its 
predecessor have kept my 
batteries up to snuff and 
enabled me to salvage 
several perfectly good bat¬ 
tery packs from the reject 
piles of local commercial 
users. ■ 












Perfboard and Soldertail? 

Definitely. What is commonly done is never 
written up (until now) but always appreciated. 


L B Ceb'lk W4RNL 
2514 Dereck Drive, H-1 
Knoxville TN 37912 


M any ham authors spec¬ 
ify perfboard con¬ 
struction for their one-time 
projects. Then they say al¬ 
most nothing more about 
the mechanics of building 
the circuit on the board. 
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Photos and sketches give us 
a general idea of the con¬ 
struction methods, but very 
few articles exist on using 
perfboard construction ef¬ 
fectively. In the spirit of 
sharing some ideas that 
have worked well for me 
over the years (along with 
some cautions about a few 
things that lead to trouble), 
let's see how we can im¬ 
prove our perfboard proj¬ 
ects. 


Printed circuit boards for 
transistor and 1C projects 
make construction a breeze. 
Unfortunately, PC boards 
are not practical for every 
project. If an author does 
not provide us with a source 
for ready-made boards (and 
we should not expect every 
author to make a PC-board 
layout for his own one-time 
project), then our willing¬ 
ness to generate our own 
boards depends on many 



Fig 1. Planning component 
layout on perfboard 


factors, including time, abili¬ 
ty, and desire to design and 
fabricate the etched pat¬ 
tern. For many small-to- 
moderate-size one-time cir¬ 
cuits, perfboard construc¬ 
tion is more practical. 

Many types of digital cir¬ 
cuits which use few passive 
components call for wire- 
wrap techniques. Most ham 
circuits, however, will re¬ 
quire soldered connections. 
Therefore, we will concen¬ 
trate on soldertail tech¬ 
niques applied to perfboard 
construction. Adaptation of 
these ideas to wire-wrap 
projects should be easy. 

Handling Perfboard 

Perfboard is generally 
made from a phenolic mate¬ 
rial, usually about 1 /16th of 
an inch thick. This immedi¬ 
ately limits its utility since it 
is prone to slight warps in 
readily-available grades For 
PC boards, use the more 
stable epoxy glass material 
For point-to-point wiring on 
perfboard, the warp is usual¬ 
ly not significant in boards 
up to 5 by 7 inches. 



Photo A. An 1C and transistor perfboard project with 
L-brackets for vertical mounting 






There are several hole 
patterns for perfboard. Hole 
separations of .1, .187, and .2 
inches are common, but 
1-inch hole spacing is the 
most practical for ICs. For 
most uses, 042-inch hole di¬ 
ameters are best, although 
062-inch hole diameters are 
available. The smaller holes 
again work best for 1C proj¬ 
ects. In fact, the 042-inch 
holes on 1-inch centers pre¬ 
cisely fit the needs of ICs 
and their sockets. Conve¬ 
niently, Radio Shack carries 
this type of board in three 
sizes: 2.75, 4.5, and 8 inches 
long, all by 6 inches wide. 
My own preference is to buy 
the larger sizes and cut the 
precise size board my latest 
project requires. 

Phenolic material has 
some of the properties of 
mica in that it chips in jag¬ 
ged layers and does not 
break cleanly. However, 
with only a little care, it cuts 
and drills easily. A hack or 
coping saw with a fine tooth 
blade cuts perfboard well if 
you align your cut with a 
row of holes. Keep the saw 
blade as parallel to the 
board as possible, with no 
more than a 30-degree an¬ 
gle. This technique reduces 
binding as you pass holes, 
and the result is fewer bro¬ 
ken phenolic scraps. For 
safer sawing, I clamp the 
perfboard between two 
quarter-inch-thick lath strip 
scraps with a bench vise. 
The edges of the lath strips 
are within a row or two of 
the holes I intend to cut 
along, which stabilizes the 
perfboard, and the vise cuts 
into the wood and not the 
phenolic. I keep any leftover 
pieces of perfboard more 
than one inch square, since I 
never know when I might 
need one for a miniature 
project or a small circuit 
addition. 

Drilling perfboard for 
screws and other hardware 
is fairly simple. Use a scrap 
of wood to back up the perf¬ 
board when drilling; this pre¬ 
vents drill-bit snags that can 


shatter a small board. In 
general, a 1/8-inch diameter 
drill bit clears 4-40 screws 
nicely, while 9/16 is the cor¬ 
rect drill-bit size for 6-32 
screws. I usually avoid drill¬ 
ing holes larger than 9/16- 
inch diameter in one try 
since the large drill bits tend 
to snag the phenolic materi¬ 
al more easily. For larger 
openings, drill out the perfs 
inside the desired perimeter 
until the scrap falls out and 
then file the material to the 
final opening size. Another 
technique is to drill the cor¬ 
ner holes, insert a coping 
saw blade, and saw the 
opening. You will usually 
still need a bit of finish fil¬ 
ing. One of the advantages 
of perfboard is that you can 
add larger openings for re¬ 
lay sockets and other com¬ 
ponents more readily than 
with PC boards. 

Generally, I try to do all 
necessary drilling and cut¬ 
ting at one time before 
mounting components to 
get in the way of clamping 
and backing. There are few 
more frustrating accidents 
than to have your complete 
circuit wired, only to watch 
the perfboard crack or shat¬ 
ter as you try to drill just one 
more mounting hole. 

Perfboard Layouts 

One secret to easy elec¬ 
tronic construction is paper. 
The more complete your 
plans, the more smoothly 
the project will go together. 
Even if you are reproducing 
an author's circuit exactly 
and have good photos to 
guide you, paper planning 
still can save you time and 
frustration. As inexpensive 
as many of today's com¬ 
ponents are, paper is still 
cheaper. 

Example 1. Being able to 
cut and drill all holes before 
wiring is a matter of know¬ 
ing just where they all go 
and what size they must be. 
Making some trial paper 
templates using the real 
components you have on 
hand will allow you to deter¬ 
mine their size and spacing. 



Fig. 2. Trimming transistor leads to fit 1C sockets. 


In addition, the practice also 
will let you revise the proj¬ 
ect and spot errors or ne¬ 
glected needs. You can see 
how much room you need 
to clear the mounting 
brackets or posts, how much 
space the transformer mount¬ 
ing foot requires, and how 
much filing you will need to 
do after cutting a hole for a 
relay socket. Then you can 
plan the circuit details so 
that everything will fit con¬ 
veniently. 

Example 2. Equally impor¬ 
tant is the component lay¬ 
out. Fig. 1 illustrates two im¬ 
portant considerations: sock¬ 
et pin orientation and com¬ 
ponent placement. The 1C 
timer, a 555, runs its tim¬ 
ing components to pins 6 
and 7, while the output 
emerges from pin 3. Even 
though we conventionally 
think of "upper left" as the 
proper place for pin one, 
this project calls for an "in¬ 
verted" placement of the 
555 socket. Now the timing 
components are near the 
board edge so that leads to 
the potentiometer are con¬ 
veniently reached. Too, the 
output pin is close to the in¬ 
put pin of the next 1C. 

In digital circuits, sock¬ 
et placement can make 
jumper wiring either easy or 
a jumbled nightmare. In 
counting and readout cir¬ 
cuits, you may have several 
outputs to several inputs. 



Fig. 3. Using posts for off- 
board connections. 


Aligning the jumpers neatly 
makes short work of the wir¬ 
ing. Having them go over 
and around an 1C to reach 
the input pins invites unde¬ 
tectable open circuits and 
other typical building prob¬ 
lems. 

Leave room enough for 
the components that go be¬ 
tween sockets. Perhaps the 
best way to be sure your 
plan will work is to trial-fit 
all components on uncut 
perfboard. This practice of¬ 
ten reveals unnecessarily 
long leads and other minor 
wiring problems before you 
cut leads. The result is often 
a revised layout plan. Some¬ 
times, when I am smart 
enough to have a large extra 
piece of perfboard on hand, 

I place all components on 
the supplementary board. 
Using this model, I mark the 
project board for cutting 
and drilling. Then I move the 





Fig. 4. Using posts to separate circuits for testing and adjust¬ 
ment. 
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Photo B. A dual-regulated power supply on perfboard sup¬ 
ported by posts. 

components, one at a time, establish guidelines for han- 
to the project board. This dling every kind and combi- 
technique tends to cut con- nation of components you 
siderably both assembly might encounter, but the 
time and errors. following ideas are adapt- 

Transferring a layout plan able to most projects, 
to perfboard requires only a First, use 1C sockets wher- 
pencil and ruler. Measure ever possible. Use them not 
and lightly mark the posi- only for ICs, but for switch- 
tions for holes. You also can ing transistors as well. An 
mark the corners of 1C sock- 8-pin DIP socket will handle 
ets and large components two small transistors if you 
for reference. The only pre- trim and bend the leads as 
caution here is to eliminate shown in Fig. 2. The advan- 
pencil markings completely tage of 1C sockets over 
before covering them with readily-available transistor 
components. Pencil lead is a sockets is that the latter re¬ 
conductor: not a good one, quire a fairly large hole 
but good enough to have through the perfboard. The 
given me an additional input 1C socket rides atop the 
to a CMOS 1C in one project, board with its pins sticking 
Erase pencil marks thor- through, 
oughly just before mounting Second, use posts for all 
components. off-board connections. Do 

not run off-board wires di- 
Handling and Wiring rectly to components or 

Components socket pins. The strain may 

It would be impossible to be too much. Fig. 3 shows 



Fig. 5. Mounting components to perfboard. 
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Fig. 6. Under-board compo¬ 
nent-lead junctions. 


the right and wrong way to 
connect off-board wires. An 
added advantage of posts is 
that you can connect and 
disconnect off-board com¬ 
ponents from the top side, 
which makes final assembly 
of the project a much easier 
matter. 

There are many addition¬ 
al uses for posts, a few of 
which are illustrated in Fig. 
4. You can separate stages 
of a circuit until after testing 
by using a pair of posts at 
the output/input point; a 
jumper then connects the 
two circuits for normal oper¬ 
ation. This technique per¬ 
mits you to adjust interstage 
signal levels with no danger 
of overloading the next de¬ 
vice. Paired posts, again 
jumpered for normal oper¬ 
ation, also permit current 
measurements during the 
test phases of a project as 
well as during trouble¬ 
shooting. I prefer Vector 
T-46 wire-wrap posts, avail¬ 
able through Jameco and 
other mail sources. The T-46 
extends .4 inches above the 
board and .56 inches below. 
Its square shank and flare 
give it good holding power 
in the perfboard hole. After 
all soldering, trim the above- 
and be low-board lengths. 
Below-board, be sure that 



Fig. 7. Mounting jumpers on 
perfboard. 


the post does not touch the 
chassis or cabinet base. 
Above-board, cut the post to 
the height of the tallest cir¬ 
cuit component. Wire cut¬ 
ters do the job nicely. 

Third, do not crimp com¬ 
ponents when bending their 
leads. Some builders prefer 
to top-mount all compo¬ 
nents. For this technique, 
Vector T-42 posts (or similar) 
permit soldering up to about 
three leads per junction. 
However, this method usu¬ 
ally requires more space 
than making direct connec¬ 
tions with component leads 
bent to pass through the 
board. Fig. 5 shows some 
right and wrong ways to han¬ 
dle components such as re¬ 
sistors, diodes, and capaci¬ 
tors. Axial-lead components 
such as resistors require 
curved bends to avoid even¬ 
tual lead breakage. Often 
this takes one more hole, 
but that is a small price for 
circuit reliability. Where 
space is at a premium and 
component interaction is 
not a problem, vertical 
mounting is practical. Wher¬ 
ever you take care in 
smoothly bending compo¬ 
nent leads, you will en¬ 
counter fewer cases of com¬ 
ponent strain or breakage, 
even if your layout does not 
permit instant solder sup¬ 
port. 

Fourth, when you use 
component leads to make 
connections, decide in ad¬ 
vance for every junction 
which lead will serve as the 
key or post lead. Fig. 6 illus¬ 
trates the idea. The capaci¬ 
tor lead serves as a post to 
which the resistor and diode 
connect. The reasons for 
choosing the capacitor lead 






Fig. 9. Soldering leads to 1C sockets. 


in this example are three, ing track of jumpers while 
The capacitor lead is the fat- building. Although exces- 
test and strongest and thus sive looping of jumpers cre- 
makes a better post. Too, ates an unsightly project 
the capacitor is permanent, board and potential trouble 
whereas the resistor may re- in sorting through the maze, 
quire another value after do not put excessive strain 
testing the circuit. Finally, on the wires to pull them 
the capacitor can stand flat against the board. Leave 
soldering heat somewhat enough slack to prevent 
better than the diode. wire breakage, either imme- 

This case gives only a diate or later. Then press the 
small sample of the reasons wires into place, 
why one or another compo- These simple guidelines 
nent may become the junc- to component handling are 
tion post; each will have its mostly matters of common 
own rationale. Nevertheless, sense. You can add to the 
avoid bringing leads from list according to your own 
many directions and simply building experiences. Unfor- 
twisting them together. The tunately, we often forget 
under-board layout may be these rules while building, 
as crucial to reliable circuit usually through either haste 
operation and ease of revi- or distraction. There is noth- 
sion as top-board compo- ing like a soldering iron 
nent placement. burning a hole in the test 

Fifth, run jumpers topside bench to cause us to mis- 
and through the board at handle a component. If we 
their ends, as shown in Fig. 7. could only remember which 
This technique serves sever- component we were install- 
al useful purposes. It per- ing during the incident, we 
mits you to trace wiring would know the first place 
after the board is mounted, to look when the circuit mai¬ 
lt also takes the strain off functions. If you do not be- 
the jumper wire, especially lieve it happens, I have two 
if you happen to snag it dur- look-alike 1C voltage regula- 
ing construction. Standard- tors, one positive, one nega¬ 
ting on top-wire runs also tive, that I once installed 
reduces the chances of los- under just such conditions. 



Fig. 10. Mounting single perfboards vertically. 


That neither works is proof and ground connections to 
that I put each where the the individual components, 
other should have gone. Wiring 1C sockets pre¬ 

sents problems to many 
Wiring Perfboard Projects builders. Whether working 
Wiring and soldering a with PC or perfboard, we 
perfboard project can be manage to lose the sockets 
one of two things: easy or as they fall off the board the 
frustrating. Easy wiring re- moment we turn it over to 
quires that we figure out the solder. There are many 
best way to handle the pecu- tricks to hold the sockets in 
liarities of attaching compo- place. If there will be un- 
nents and wires to a pheno- used pins, bend them inward 
lie board with a hundred so that the socket lightly 
small holes per square inch, grips the board. Some build- 
I wish that I had known what ers put a tape loop under 
I now know (through experi- each socket to secure it dur- 
ence) back when I miswired ing construction. Alterna- 
my first perfboard. tively, you can use a small 

No. 18 copper wire is the flat box on which to lay the 
largest that will fit through inverted board for the first 
the ,1-inch holes of 1C perf- socket pin solder job. What- 
board. For most purposes, ever the technique, solder 
No. 18 wire is too large for all the power and ground 
all but heavy current buses, jumpers first; this will lock 
such as voltage and ground the socket in place for the 
lines on a TTL project. No. rest of the project. 

22 or 24 solid hookup wire The traditional rules of 
works best for most wiring, soldering state that every 
Anything smaller grows hard solder joint should first be a 
to handle and solder. We solid mechanical connec- 
can make off-board connec- tion over which we then 
tions with stranded wire of flow solder. The solder seals 
the same size. the joint, ensuring a long- 

If we have made a good lasting electrical connection 
layout plan, the wiring task between wire and terminal, 
should be straightforward. PC boards, of course, violate 
For non-rf projects, I usually the old rule as a matter of 
begin with voltage and course. Component and 
ground buses, arranged as socket leads pass through 
shown in Fig. 8. Long runs the holes and, in fact, may 
pass above and below the not touch the pad. Solder, 
board at least once to an- electrically and mechanical- 
chor them in place. Rf proj- ly, connects the two. So long 
ects that require large areas as we do not exceed certain 
for the ground plane may weight and vibration limits, 
not be the best projects for the connection will be good 
perfboard techniques. For for a long time, 
dc and lower ac frequencies Perfboard construction re- 
(up to a few MHz), perf- quires that we connect 
boards and buses work well, jumpers and component 
Jumpers provide voltage leads to socket pins. Fig. 9 
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Photo C. A two-board 1C and transistor project ready for ver¬ 
tical mounting. 


shows two common tech¬ 
niques, and most builders 
use both in the course of 
wiring a single 1C socket. No. 
22 or 24 wire will bend in a 
loop around 1C socket pins 
with room to spare for the 
loop to the next pin. How¬ 
ever, circumstances often 
dictate that the partial-bend 
connection is most practi¬ 
cal. Ensuring a good connec¬ 
tion is a matter of making 
sure that the wire in fact 
touches the socket pin with 
natural tension before sol¬ 
dering. Unless the lead is un¬ 
der considerable stress, the 
connection will hold indef¬ 
initely. Use a small jeweler's 
awl to test each such con¬ 


nection before being sat¬ 
isfied that it will hold. 

Whatever the construc¬ 
tion method, small compo¬ 
nents used in modern cir¬ 
cuits require careful han¬ 
dling. Radial-lead capaci¬ 
tors, such as the small elec¬ 
trolytic type, should be flush 
with the board. Unless we 
are careful, they will fall out 
of position when we flip the 
board to solder. Resistors, 
disc capacitors, and diodes 
should be close to the 
board, but not necessarily 
pressed too tightly lest we 
crimp the component lead. 
In many cases, the lead is 
stronger than the compo¬ 
nent itself. Where this is 


true, let the lead support the 
component Diodes and 
transistors are sensitive to 
solder heat, so care is in or¬ 
der. Being sure that the com¬ 
ponent is mechanically well 
connected ensures that we 
can solder quickly with min¬ 
imum heat. Earlier figures 
showed the techniques for 
handling jumpers and off- 
board connections. Finally, 
never solder an 1C or transis¬ 
tor socket with the device in 
place. 

There are two methods 
for wiring and testing a 
solid-state project One is to 
wire and test each stage, 
one at a time. This permits 
ready circuit revision in ear¬ 
ly stages before component 
space has disappeared. For 
many types of 1C projects, it 
is more convenient to wire 
the entire circuit and then 
test the stages by plugging 
in one or two ICs at a time 
(with power off and capaci¬ 
tors discharged). With either 
method, it is safer to remove 
ICs while making circuit ad¬ 
ditions or revisions. The 1C 
that will fry due to static 
charge or excess heat is the 
unit of which we have only 
one. 

Mounting Perfboards 

The photos, besides illus¬ 
trating perfboard construc¬ 
tion generally, show differ¬ 
ent types of mounting 
schemes. Basically, there 
are only about five ways to 
handle the attachment of 
perfboards to your project 
case 

Fig. 10 and Photo A illus¬ 
trate simple vertical board 
mounting using L-brackets, 
Digi-key and other mail 
sources carry this common 
but surprisingly hard-to-find 
bracket. Be sure that the 
board clears the case with 
about an eighth of an inch to 
spare so that you have room 
to align the L-brackets with 
the case and board holes 
This is perhaps the simplest 
vertical mounting scheme, 
but it is limited by the 
weight and size of the proj¬ 
ect board as well as antici¬ 
pated rough handling of the 


entire project Vibrations 
transmitted to the free end 
of the board have consider¬ 
able mechanical force. 

The most common meth¬ 
od of horizontal mounting 
appears in Fig. 11 and Photo 
B. The drawing shows mount¬ 
ing posts threaded for 6-32 
screws. Note that in this case 
the transformer hardware 
doubles to connect to the 
post The object is not to 
save two screws (although 
the space they take might be 
handy for other circuit com¬ 
ponents). Instead, the mount¬ 
ing posts support the trans¬ 
former's weight directly. 
Had the project used comer 
posts, a few hard knocks 
might let the transformer 
crack the perfboard. Hori¬ 
zontal mounting with four- 
corner support is superior to 
L-bracket mounting only if 
the expanse of perfboard 
does not support too heavy 
or too dense a weight 

In most cases, hollow pil¬ 
lars and long screws make a 
perfectly acceptable substi¬ 
tute for threaded posts. We 
need not buy commercial 
posts, but can make our own 
from rigid plastic tubes. In 
fact, exploring the plastic 
packaging and worn out 
parts of many household 
items is a good way to build 
a stock of very useful plastic 
pillars, standoffs, and other 
items. 

We can achieve superior 
vertical-mounting stability 
using two boards with a 
combination of L-brackets 
and posts Fig. 12 and Photo 
C show how Each board has 
its own L-brackets for four- 
point support. Posts connect 
the two boards at the four 
corners. With this tech¬ 
nique, the builder can re¬ 
move each board indepen¬ 
dently for repair or revision. 
Photo C shows separate auto¬ 
matic voltage- and current- 
measuring circuits (for a 
bench supply) back-to-back 
The only cautions to ob¬ 
serve with this mounting 
method are to ensure that 
the two circuits will not in¬ 
teract through radiation or 
capacitive coupling. 


On! 


Fig 11. Mounting perfboards horizontally. 


on 


0 0 

T 

o 

oO -c=h 


Z) 

n 

o 

n 

: TT 

j l 

£_i 

u 

m a 


Fig. 12. Vertically mounting two perfboards. 
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Fig 14. Packaging pertboards in foam 



Where circuit isolation is 
important. Fig, 13 comes in¬ 
to play. Two boards conve¬ 
niently fit to one aluminum 
shield panel. The 18-gauge 
or thicker aluminum panel 
supports both boards and 
the builder can remove each 
independently. This tech¬ 
nique is limited to cases 
where a simple interface 
shield is adequate to pre¬ 
vent unwanted interaction 
between circuits, which in¬ 
cludes most low-power re¬ 
ceiving and test equipment 
applications. 

Modern packaging tech¬ 
niques have taught us that 


rigid physical mounting is 
not the only route to good 
circuit protection in the 
project case. For small proj¬ 
ects, a floating mount may 
be both simpler and more 
effective than nuts and 
bolts Fig 14 illustrates the 
general principle. The cir¬ 
cuit board rides between 
two foam pads within the 
case The case presses the 
foam lightly to hold it in 
place The light pressure 
also holds the perfboard 
securely in its place. If there 
are some projecting com¬ 
ponents, we can cut a few 
indentations into the top 



foam panel. This form of 
mounting works very well as 
long as the foam can exert 
enough pressure to lock the 
perfboard in place without 
over-stressing any of the 
components. 

These sample mounting 
methods may add to your 
repertoire of packaging tech¬ 
niques. In any event, plan 
your packaging during the 
layout stage of the project, 
since perfboard mounting 
will determine some of the 
cutting, drilling, and wiring 
requirements. Of course, 
these mounting techniques 
also apply to numerous 
other construction tech¬ 
niques. 

Although perfboard is 


handy, it is not the ideal con¬ 
struction base for all proj¬ 
ects. As noted, some rf proj¬ 
ects may require ground 
planes that perfboard alone 
cannot provide. Where PC 
boards are available for 
projects you do not want to 
modify, use them. However, 
for the one-time ham proj¬ 
ect of moderate size, perf¬ 
board construction can be 
as satisfactory and durable 
as any other. It all depends 
on how you handle the ma¬ 
terial. Hopefully, the collec¬ 
tion of ideas out of my ex¬ 
perience will spur you to 
share some of your own with 
the rest of us who regularly 
build with perfboards and 
soldertails.B 



DESIGN EVOLUTION IN RF P.A.’s 


Now with 
* GaAs FET 



Preamp 


• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) 

• Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet¬ 
ter IMD). Device NF typically .5 dB. 

• Thermal shutdown protection incor¬ 
porated 

• Remote control available 

• Rugged components and construc¬ 
tion provide for superior product 
quality and performance 

• Affordably priced offering the best 
performance per dollar 

• Designed to ICAS ratings, meets FCC 
part 97 regulations 

• 1 year transistors warranty 

• Add $5 for shipping and handling 
(Cont. U.S.). Calif, residents add ap¬ 
plicable sales tax. 

• Specifications/price subject to change _, 3 
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Watch a Warhorse Work 

With a new tank circuit, the SB-221 
does great things for 160 and 10. 


T he conversion of an am¬ 
plifier to operate down 
on 1.8 MHz involves more 
than adding a coil tap and a 
switch position, as the 
10-meter conversion usually 
does, A new and larger coil 
assembly is required, as well 


as a plate choke and a fila¬ 
ment choke with larger in¬ 
ductance. These add up to 
several components and 
some expense. There is plen¬ 
ty of room in the SB-221 to 
place the new components, 
however, making the con¬ 



Photo A. The new components to be added to the SB-221 
to convert it for 160-meter operation. The new component 
is the larger one in each case. The smaller original ones 
were removed from the amplifier. 
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version a simple one. The 
most difficult job is remov¬ 
ing the switch deck that 
shorts out the sections of 
the main-output n-network 
inductor, and then replacing 
it after modification. 


The SB-221 as designed 
by Heathkit™ comes with a 
10-11-meter reject filter and 
tuned input circuits for 80, 
40, 20, and 15 meters. All be¬ 
ing bypassed leaves the amp 
with an untuned input 



Fig. 1. The rear deck of the bandswitch as shown in the 
Heathkit assembly manual is at left, and the modified deck 
is at right. Three new switch contacts are added using new 
fingers or ones salvaged from old switches. They are 
mounted on both sides of the ceramic wafer, using #2 
brass nuts and bolts. The mounting holes are already in the 
wafer; no modification to it is needed. The work on the 
switch is easy; the hardest part of the whole conversion is 
removing the deck and putting it back again. 





Photo B. The SB-221 converted for operation on 160 
through 10 meters. The new tank coil is mounted on the 
front panel, using two holes that previously held a plastic 
Heathkit label. The new larger plate choke is mounted on 
the wall at left, using the original plate-choke standoff. 
The bandswitch is removed from the partition wall, modi¬ 
fied, and replaced. 


The new output tank coil 
is approximately 33 pH 
which uses all of the 250-pF 
tuning capacitance that is 
available to resonate at 1.8 
MHz Although a larger ca¬ 
pacitor would give a better 
Q, the resulting efficiency of 
the amplifier is almost as 
good on 160 meters as on 80 
meters, so that the output 
on 160 will not suffer from 
lack of a larger tuning ca¬ 
pacitor Additional output 
capacitance is also switched 
into the n-network to pro¬ 
vide a 50Ohm output on 160 

Components 

Photo A shows the new 
components added, with 
each one next to the corre¬ 
sponding one removed 
from the SB-221. The new 
plate choke has an induc¬ 


tance of 200 pH rather than 
the 50-pH original choke. 
This is the Barker & Wil¬ 
liamson Model 801 It is 
space-wound over about 
one third of its length to 
avoid parallel resonances 
at the higher frequency 
bands and close-wound for 
the rest of its length for 
greater inductance. The B 
& W filament choke, FC- 
25A, has about six times 
the inductance of the 
smaller Heath choke and is 
used to prevent the drive 
power from going back to 
the filament transformer or 
to ground. The plate tank 
coil is a B&W195-3, a vari¬ 
able-pitch coil using #14 
wire, 2'/i" in diameter, 
5 Vi ” long It is mounted on 
the front panel using the 
two holes that originally 



Photo C. Bottom view of the amplifier with the larger fila¬ 
ment choke installed. It solders into the same points that the 
original choke did. 


held the Heathkit label. Ca¬ 
ble clamps around the 
plastic rods of the coil sup¬ 
port it. These are furnished 
with the coil. 

Construction 

After taking off the cov¬ 
er and refamiliarizing your¬ 
self with the layout, re¬ 
move the 3-500 tubes To 
bypass the input circuit, 
connect a length of RC-58 
from terminal 4 of the T-R 
relay directly to C32 at the 
tube sockets. Remove the 
coax cables that had been 
connected to these points 
and cut them off where 
they pass through the chas¬ 
sis into the grid compart¬ 
ment. Cround both ends of 
the braid of the new piece 
of cable. 

If the stiff wire leads on 
the new filament choke are 
bent as in Photo A, the 
larger choke will fit, using 
the same solder points as 
the smaller choke [see Pho¬ 
to B). Make sure that the 
filament choke is close 
enough to the chassis that 
it will clear the bottom of 
the case. 

Remove the rf plate 
choke (Heath #45-61) by 
unsoldering both wires to it 
and unscrewing it from the 
spacer. Save this spacer to 
mount the new choke. Put 
a 6-32 nut on the long bolt 
sticking out from the parti¬ 


tion to prevent it from fall¬ 
ing loose, and cut the ex¬ 
cess bolt off Drill and tap 
one end qf the 3/8"-diam- 
eter spacer for 1/4”-20 
threads and put a 1/4”-20 
stud into that end. This will 
thread into the ceramic 
form of the new choke. 
This spacer is mounted on 
the opposite wall of the 
amplifier (Photo C), using 
an 8-3^ screw through one 
of the perforations in the 
wall 

Remove both the 80-20 
coil and, the 15-meter coil 
made from silver-plated 
tubing. Save this 15-meter 
coil; it will be used in the 
modified version, tapped 
for 10 meters. Leave the fi¬ 
ber standoffs that had 
held the old tank coil in 
place so that the screws 
holding them don't fall into 
the grid compartment. 

Unsolder all of the wires 
and the capacitor from the 
rear deck of the band- 
switch. By reaching down 
behind the panel with nee¬ 
dle-nose pliers, you can 
bend back a tab on the out¬ 
er part of the detent layer 
This lets the switch rotate 
through 12 positions rather 
than the original four. 
Since the input circuits are 
no longer utilized, the back 
wafer that switched the 
coil is all that need be 
changed. Remove it by 
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loosening the bolts that added, as shown in Photo 
hold it to the partition wall. D This is not so difficult. 
The nuts will fall down into Many switches have simi- 
the grid compartment and lar contacts. Drill six out 
must be recovered. Three and mount them in the 
new contacts . must be holes already present in 



Photo D. Front top view of the modified SB-221. The two 
screw heads above the capacitor knobs are the only out¬ 
ward change in the appearance of the amplifier. The 
160-meter position on the bandswitch is the one to the left 
of the 80-meter position; it need not be marked. Similarly, 
the 10-meter position is the one to the right of 15 meters. 
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the ceramic deck with #2 meters is 7V* turns from 
hardware. One of the new the junction (5 turns from 
contacts is for the extra the 20-meter tap), and 80 
loading capacitor for 160 meters is 4 turns from the 
The reworked switch 40-meter tap These taps 
deck is replaced, using the are made with clips fur- 
original hardware and spac- nished with the tank coil 
ers. Getting the nuts back Connections between coil 
on the bolts when they are and bandswitch are made 
almost hidden is a nasty with #14 solid copper wire, 
job. Bend a piece of wire to as in Photo C. 
hold the nut and get it An additional 500-pF, 

started. 1-kV output capacitor is 

The new switch positions soldered to the band- 
are shown in Photo D. No switch. It is placed next to 
change was made to the the original one for the 
switch labels on the front 80-meter band The short- 
There is no confusion, how- ing rotor connects both in- 
ever; the 160-meter posi- to the output on 160, as 
tion is the one to the left of shown in Photo D. 

80, and the 10-meter position The tank-coil taps can be 
is to the right of 15. checked with a dipper be- 

The Heathkit plastic fore applying voltage. The 
nameplate is removed by tubes should be in place 
prying off the Tinnerman (but no power applied) 
nuts, leaving two holes to since they will contribute 
mount the new coil behind to the capacity of the sys- 
the front panel. Plastic ca- tern and affect the 15- and 
ble clamps and small angle 10-meter tuning. The 15- 
brackets are attached to and 10-meter bands should 
the plastic ribs of the coil, resonate with the main tun¬ 
as in Photo A. The 160- ing capacitor near mini¬ 
meter end of the tank coil mum, beyond the shaded 
is soldered to a lug at- area marked 20-15 on the 
tached to the front of the panel. Small changes can 
loading capacitor. There is be made by stretching or 
room to remove the nut compressing the turns of 
from the threaded rod the coil, and larger induc- 
there and put a solder lug tance variations by chang- 
under it. At the other end ing the location of the taps, 
of this rod another solder An improperly located 

lug is placed under the nut coil connection will show 
and a heavy wire run down U p as inefficient operation 
to the 160-meter switch ter- on that band If the induc- 
minal, where the output tance is too large or too 
wire running to the T-R re- small, the power out will 
lay also is connected. be reduced for a given 

The 7-tum 15-meter coil is amount of drive. It is worth 
connected from the tuning- measuring the power into a 
capacitor top plate to meet dummy load to check on 
the main coil, as in Photo C. efficiency, rather than just 
This involves bending the being satisified with a reso- 
tubing at the ends and cut- nance, a dip in the plate 

ting some from the coil. Be current, 

sure to keep the approx- A parts kit for this con . 

.mate size and spacing the version js offered by Barker 

same ' & Williamson, 10 Canal 

The 10-meter tap on the Street, Bristol PA 19007, for 
tubing coil is 4V4 turns $49.95 The K-160 consists 
from the tuning-capacitor of the Model 801 plate 
end. The 15-meter tap is choke, FC-25A filament 
now 6 Vi turns in, not at the choke, 195-3 n-network 
junction of the two coils inductor with taps and 
The tap for 20 meters is 2 J /< mounting clamps, and a 
turns from the junction, 40 500-pF output capacitor.! 








Only 65% Curt Return 
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Random VIC 

Code-loving Commodore addicts asked for this. 
Ye shall receive. 


Eugene Morgan WB7RLX 
1311 Cross Street 
Ogden UT 84404 


F or those of you who 
don't know who or what 
the VIC-20 is, it is the low- 
cost micro from Commo¬ 
dore, the makers of the Pet 
microcomputer. The VIC-20 is 
built around the 6502 chip 
and comes from the factory 
with 5K of memory, of 
which 3583 bytes are RAM. 
The VIC-20 can be expand¬ 
ed to 32K by the addition 
of memory expanders. The 
memory-expander cartridges 
can be plugged into the back 
of the VIC through the expan¬ 
sion port. They come in 3K, 
8K, and 16K sizes and can be 
used alone or all together 
with a mother board to give 
you a total of 32K. 

The VIC also has inter¬ 
face cartridges which can be 
plugged into the back of the 
user port. The VIC will inter¬ 
face through an RS-232 car¬ 
tridge, an IEEE-488 car¬ 
tridge, or through a phone 
modem. I have used the VIC 
phone modem to plug into 
one of the many computer 
services and it works very 
well. The phone modem 
comes with the necessary 
software to turn the VIC into 
a terminal. As of yet, I have 
not used the VIC for RTTY or 
ASCII over the ham bands. 
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Data or program storage 
can be saved on the VIC 
floppy disk or the VIC cas¬ 
sette drive. Also available 
for the VIC-20 Is the VIC 
printer. It can be used to list 
programs, or the contents of 


the screen can be sent to the 
printer. 

The VIC comes with all 
the necessary cord and fil¬ 
ters so that the home TV can 
be used for the video dis¬ 
play, or a color monitor can 


Program listing. 


be used with no external 
interfacing. The screen size 
is 22 columns by 22 
rows which sometimes can 
be an inconvenience. The 
Commodore people say 
there is a cartridge, the 


1 D RI NT" rJUtfiHMKlOCOrjE PRACTICE PROGRAM" 

2 PRINT" KWrSPCO) "BV" ' PRINT8PC<4) "OTEUGENE MORGAN" • PR I NT" OTHH8 <C> COPYRIGHT 198 

2" 

3 FORT*1TO2000 ! NEXT 

4 P0KE36878,15■GOTOI9 : REM TURN ON SOUND 

5 POKER , B ; FORT®!TOZ 7. '■ NEXT: POKER,0 : FORT*1TOTX : NEXT : RETURN ‘ REM DRH 

6 POKER,. B * F0RT-1TQTX • NEXT * POKER,0: F0RT-1T0TX s NEXT : RETURN : REM BIT 

7 F0RT»1TQSX : NEXT:RETURN 

19 PR I NT" 13 STTO STOP PROGRAM HITS 8ANY KEYS" : PR I NT" SC BE SURE TO TURN UP 

SOUND)" 

20 PRINT"MUKMWHRT SPEED?": PRINT"5.,. 10PM" 1 PRINT" 10.. WPM" ; PRINT" 13.. WPM" 1 PRINT"20. 
. WPM" 

ai pr i nt" nas., wpm" = print"30.,wpm m ;print"35..wpm" 

22 fl“36875 : B=240 •' REM PITCH OF TONE 

25 INPUTWX : REM SPEED 

26 IFWX=5THENT/i=180 : GOTO40 

27 IFW/i=10THENT';=90 ; GOTO40 

28 IFWX=15THENTX=68 : GOTO40 

29 IFWfi=20THENTX»45:OOTO40 

30 IFMK-25THENTX-40sGOTO40 

31 IFWX=30THENTX=34:GOTO40 

32 IFW’:=35THENTX=28 ; GOTO40 

4>3 ZX»T«*3 : SX*TX: PRINT “UrSPCCSJWX" WPM. 3" 

49 VX=0 • NX=1 

50 F0RT*1T0TX '■ NEXT 

51 G0SUB858 

60 IFR$="R"THENG0SUB6:G0SUB5:GOTO 150 

61 IFfi$="B"THENG0SUB5:G0SUB6:G0SUB6:GQSUB6!GOTO150 

62 IFR$="C"THENG0SUB51G0SUB6:G0SUB5:G0SUB6 = GOTO150 

63 IFR$="D"THENG0SUB5:G0SUB6:G0SUB6!GOTO150 

64 IFfi*="E"THENG0SUB6:GOTO150 

65 IFfi$="F"THENG0SUB6:G0SUB6:G0SUB5:G0SUB6:GOTO150 

66 IFR$="G"THENG0SUB5:G0SUB5:G0SUB6:GOTO150 

67 IFR*="H"THENG0SUB6:G0SUB6:G0SUB6:G0SU86 : GOTO150 

68 IFfi$="I"THENG0SUB6:G0SUB6:GOTO150 

69 IFR$="J"THENG0SUB6:G0SUB5:G0SUB5:G0SUB5:GOTO150 

70 IFR*="K"THENG0SUB5:G0SUB6'G0SUB5 : GOTO150 

71 IFfit= »L"THENG0SUB6:GQSUB5•G0SUB6:G0SUB6:GOTO150 

72 I FR$="M"THENG0SUB5:G0SUB5:GOTO150 

73 IFAf="N"THENG0SUB5 : G0SUB6- GOTO 150 

74 IFA*»"0"THENG0SUB5:G0SUB5:D0SUB5:GOTO 150 

75 IFA$=" P"THENG0SUB6!G0SUB5 : G0SUB5:G0SUB6 : GOTO 150 

76 I Ffi*=" Q" THENGQSUB5: G0SUB5: G0SUB6: G0SUB5 : GOTO 150 

77 IFfi$="R"THENG0SUB6:G0SUB5 : G0SUB6:GOTO150 






Victerm-40, that gives the 
VIC a 40 by 22 screen. As 
of this writing, I have not 
used it. 

The VIC-20 can be pro¬ 
grammed in Basic or ma¬ 
chine language. It is very 
easy to mix Basic and ma¬ 
chine language together in a 
program by the use of a sim¬ 
ple command, SYS. 

The Program 

I chose Basic for the ran¬ 
dom code-practice program 
because it would be easy to 
adapt to other computers 
and also because speed of 
execution was not an impor¬ 
tant factor. No memory ex¬ 
pansion is needed to run this 
program. If you are using 
expansion cartridges, they 
should be switched off or re¬ 
moved. This program takes 
only 2227 bytes. 

The code-practice pro¬ 
gram sends a random code 
at whatever speed you se- 


PEhDV. 


lect. You will be prompted 
for a sending speed from 5 
wpm to 35 wpm in steps of 
5. The code sound is made 
at the same time as the let¬ 
ter is printed on the screen. 
Printing the symbol at the 
same time as it is sounded 
can be very helpful when try¬ 
ing to associate the symbol 
with the sound. 

If you prefer, you can 
blank out the screen so that 
you cannot see the symbols 
being printed until you stop 
the program. The method 
for doing this is as follows. 

First, when you reach the 
part of the program that 
asks you for a speed, type in 
your selection—but before 
you press RETURN, change 
the cursor to white. This is 
done by pressing the CTRL 
key and 2 key together. This 
will make the cursor disap¬ 
pear. Now all symbols will 
be printed the same color as 


the screen. In order to see 
what has been printed on 
the screen, you must stop 
the program by pressing any 
key; then hit the RUN STOP 
key. Then POKE 36879,8 
and the screen will turn 
back and you will see what 
has been printed. 

To rerun the program, 
press the RUN STOP key 
and the RESTORE key to¬ 
gether. This will change the 
screen back to white and go 
back to the first of the pro¬ 
gram. 

The way the program is 
set to run is as follows. First 
the program gives my infor¬ 
mation. By pressing any key 
you move into the program. 
You will be prompted for a 
speed. A menu will be 
printed on the screen for 
your selection. Enter your 
choice and press RETURN. 
The screen will clear and 
you will hear a code and the 


symbols will appear on the 
screen in groups of five. Be 
sure to turn the volume on. 

When you have copied 
enough, just press any key. 
The code will stop and you 
will be asked if you would 
like to select a new speed. If 
you do, then just press any 
key. The screen will clear 
and you will again be given 
a selection from 5 wpm to 
35 wpm. 

The first part of the pro¬ 
gram, lines 1-3, deals with 
my information. Line 4 sets 
the volume on the VIC; 15 is 
as high as you can go. Lines 
5-7 are the Cosubs. I placed 
the Cosubs at the beginning 
of the program as a memory- 
crunch procedure to con¬ 
serve memory. It would 
have taken more memory 
and more typing time if I 
had used three-digit num¬ 
bers. 

Line 19 is an instruction 
prompt for halting the pro¬ 
gram. Lines 20 and 21 print 
the speed menu. Line 25 
asks for your choice. Line 22 
sets the pitch of the sounds. 
You can change the pitch of 
the Dah and Dit by POKEing 
36875 to any value from 128 
to 255. 

Lines 26 through 32 set 
the length of T%. T% is used 
to set the lengths of the 
Dit, Dah, and the spaces. 
You can change the speeds 
by changing the value of 
T%. Line 40 sets the length 
of the Dah and Z%. Z% is 
three times longer than T%. 
This will make the Dahs 
three times longer than the 
Dits. Line 40 also sets the 
value of S% which is the 
length of the space between 
words. S% is four times 
longer than T%. 

Line 50 is the space be¬ 
tween each symbol. Lines 60 
through 109 are the symbols 
with the Gosubs to get each 
Dah and Dit. Line 100 is the 
blank space between the 
groups. Line 150 tells the 
VIC to go back and count to 
T% and delay between sym¬ 
bols. Line 850 looks to see if 
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" THENG0SUB5 
r"‘THENG0SUB5 
7“THENGOSUB5 : 

! -themgosubs 

2“THENGOSUBS : 

3"THENGOSUBS : 

THENGOSUBS : 

; ’ THENGOSUBS 
S"THENG0SUB5 : 

? “THENG0SUB5 : GO 
3"THEMG( 


: GOSUBS:GOSUBS : GOTO150 
GOTO150 

: GOSUBS: GOSUBS ; GOTO 150 
: RriSUBS : nnsUBS 1 GOSUBS: GOTO150 
— SUBS: GOSUBS :GOTO130 


JB6:GOSUBS : GOSUBS:GOTO150 
iOSUBS GOSUBS;GOSUBS:GOTO150 
iOSUBS •• 60SUS6 ■■ GOSUBS •• GOTO 150 
iOSUBS GOSUBS:GOSUBS:GOSUBS:GOSUBS : GOTO150 
iOSUBS: G0S! IBS: GOSUBS: GOSUBS : GOTO 150 
iOSUBS:GOSUBS : GOSUBS:GOSUBS:GOTO150 
iOSUBS:GOSUBS : GOSUBS : GOSUBS:GOTO150 
iOSUBS: G0SI IBS GOSUBS : GOSUBS: GOTO150 
3SUB6=GOSUBS:GOSUBS:GOSUBS:G0TQ158 

-iOSUBS : GOSUBS : GOSUBS : GOTO150 

iOSUBS:GOSUBS ; GOSUBS:GOTO150 
9"THENGOSUBS:GOSUBS:GOSUBS:GOSUBS:GOSUBS:GOTO150 
95 IFO$="0"THENGOSUBS : GOSUBS:GOSUBS:GOSUBS:GOSUBS:GOTO150 

100 IFR<:=CHR$C32)THEHF0RT=1T0S1! : NEXT : GOTO 150 

101 I FR*»". " THENGOSUBS : GOSUBS •' GOSUBS •• GOSUBS •' GOSUBS ■' GOSUBS: GOTO 150 
10? J FR*=», " THENG0SUB5: GOSUBS: GOSUBS: GOSUBS: GOSUBS: GOSUBS: GOTO150 
103 I Ffi$ =" ? " THENGOSUBS: GOSUBS: GOSUBS GOSUBS: GOSUBS: GOSUBS: GOTO 150 
10S IFR*--“ " THENGOSUBS: GOSUBS: GOSUBS: GOSUBS: GOSUBSs GOSUBS : GOTO150 

107 IFRi=":"THENGQ3UB5 GOSUBS ; GOSUBS GOSUBS:GOSUBS:GOSUBS:GOTO 150 

108 IFR:£=" / 11 THENGOSUBS: GOSUBS: GOSUBS = GOSUBS: GOSUBS = GOTO150 

I 09 IFRf="-"THENGOSUBS = GOSUBS: GOSUBS: GOSUBS: GOSUBS: GOSUBS = GOTO 150 

850 GETL#:IFL$=""THEN900 
855 IFL*> 11 8"THEN1200 

900 X«INT<RND(1)*90)+1 

901 IFXC44THEN900 

902 IFX=S@THEN90@ 

903 IFX=S1THEN380 

904 !.FX=62THEN900 

905 IFX=S4THEN900 

908 IFVX-6THENX-32 ; VX=0 

909 IFNX=300THEN1300 
■a50 fl*=CHR* < X > : PR INTH*, : RETURN 
1200 PRINT" SISTOPS":PRINT"STO SELECT f 
1205 GETJ*:IFJ*=""THEN1205 


NEW SPEED”:PRINT“SHIT f 


zt=" "THEN 1381 


i» KEV T0"SPC(9)"CONTINUE.E 





a key has been pressed. If 
one hasn't been pressed, 
then the program goes to 
line 900, at which point a 
random number between 1 
and 90 is generated. 

Lines 901 to 905 take care 
of the numbers that we can't 
use in our program Line 907 
keeps track of the number 
of symbols printed since the 
last space Line 908 tells the 
VIC what to do after it has 
printed five symbols. Line 
950 turns our random num¬ 
ber into a symbol and then 
sends the VIC back to line 
6)0 where it will look for the 
symbol it has just printed. 
The program will stay in this 
loop until a key is pressed If 
a key is pressed, line 850 will 
send the VIC to line 1200 
where it will stop the code 
and print an instruction 
prompt. Line 1205 will wait 
for you to press a key. If a 
key is pressed, the VIC will 
go to line 19. At line 19, the 
VIC will start the routine to 
get a new speed. 


I have used the random- 
code program for almost a 
month now and have im¬ 
proved my speed by ten 
words a minute. I hope that 
you will find the practice as 
helpful as I have. I haven't 
used this program on any 
prospective hams yet, but I 
have made several code 
tapes from this program and 
given them to some of my 
ham friends. So if your 
friend doesn't have a VIC, 
he can take advantage of 
yours. 

I have also made other 
programs for the VIC-20 for 
use by the amateur-radio op¬ 
erator The Ham Log is a 
program that will keep track 
of your QSOs by call and 
state or country. Informa¬ 
tion can be recalled by typ¬ 
ing in a call or a state or a 
country. Any data can be 
listed for each station you 
work. Such data could in¬ 
clude the operator's name, 
address, phone, frequency, 
rig and antenna, or any inter¬ 


esting tidbit you wish. Data 
can be updated without any 
hassle. 

Antenna Program 

Another very useful pro¬ 
gram is the antenna-design 
program. All you do is input 
the type of antenna and its 
frequency. I have built some 
of the antennas and found 
them to work very well. This 
program could be very use¬ 
ful to the ham who likes to 
build his own 

Programming 
Can Be Fun 

I have a very good time 
experimenting with the VIC 
Sometimes it can be frus¬ 
trating when something you 
thought would work doesn't 
and nothing you try will 
work. You have to scrap the 
idea and try the same thing 
from another angle. Then 
when it does work, it can be 
very satisfying. 

The VIC is, at last, a com¬ 
puter that most people can 


afford (under $300) and it 
can get you started in the 
world of computers. At first, 
the programs can look very 
strange with all the Gosubs 
and Gotos, the POKEs and 
PEEKs, and all of the other 
computer jargon But it will 
surprise you how fast you 
can pick it up. and you will 
be writing your own pro¬ 
grams in no time at all 

If you are a ham who just 
doesn't think that you could 
use a computer, then I am 
here to tell you that there 
are many uses for one in the 
ham shack even if you never 
use it on the air I am sure 
that after you get the hang 
of programming—and you 
don't need to be an ex¬ 
pert—you will find many 
other uses for it around the 
house. One word of caution: 
it can be addicting! 

If you have any questions 
or some problems with the 
random code-practice pro¬ 
gram, please let me know.B 
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have three old B&W TVs: which I'd like to 
convert to some type of test equipment, but 
I don't know how. gen Anybody help? ’ 

Guy Milne W2BPN 
32 Stag Trail 
Fairfield Nj 07006 

I arn In desperate need of a 5BP4.5BP1, 
or equivalent CRT lor my Eicd model 425; 
oscilloscope Any information on where I 


John Hackman WB4WA 
5290 East Valley Road 
Mount Pleasant Ml 48858 


The fifth annual Sheboygan County 
mateur Radio Club Lakeshore Swapfest 
id Brat Fry will be held on July 14, 1984. 


I ^ Town Hall, south of Sheboygan W 
le power Andre State Park. For a flyer ana otl 


Anyone Interested in the Chavei 
organization formed to promote a 
relationship among Jewish radio an 


The Burlington Amateur Radio Club will 
host the tenth annual Ontario Hamfest on 


The Charleston Amateur Radio Society 
will hold its annual hamfest on July 14-15, 
1984 at the Omar Shrine Temple. Talk-In on 
146.19/79. For further information, write 
Hamfest Committee, PO Box 70341, 
Charleston Heights SC 29405. 
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The Great Falla Area ARC will present 


ATTENTION 

SUBSCRIBERS 


AMATEUR AND COMMERCIAL 
COMMUNICATION SERVICES 


We occasionally make our mailing list 
available to other companies or organiza¬ 
tions with products or services which we 
feel might be of interest to you. If you prefer 
that your name be deleted from such a list, 
please fill out the coupon below or affix a 
copy of your mailing label and mail it to: 

C.W. Communications/Peterborough 
73: Amateur Radio's Technical Journal 
PO Box 931 

Farmingdale, NY 11737 


j Please delete my name from mailing lists sent 
| to other companies or organizations. 

I 

j name _ 

I address ___ 

I city _ state _ zip _ 


’ "Technical assistance by F.C.C. licensed technicians 
using the finest repair, test, and alignment equipment 
to give you results you can count on. 


* • ALIGNMENTS 

i * tests 

f • EVALUATIONS 


•REPAIRS 
• MODIFICATIONS 
•INSTALLATIONS 


*" F.C.C. Licenses; 

"General Radiotelephone (ship radar endorsed) 
"Second Class Radiotelegraph (ship radar and aircraft 
radiotelegraph endorsed) 

"Amateur Extra Class 



13313 FOREST HILL RD. 
GRAND LEDGE, MICHIGAN, 48837 

Geff N8CE 
6-io P.M. 517-626-6044 

Sun. thru Thurs. 
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CIRCUITS 



Do you have a technique, modification, or easy-to-dupiicate cir¬ 
cuit that your fellow readers might be interested in? If so, send us a 
concise description of it (under two pages, double-spaced) and in¬ 
clude a clear diagram or schematic if needed. 

In exchange for these technical gems, 73 offers you the choice of 
a book from the Radio Bookshop, to be sent upon publication. Sub¬ 
mit your idea (and book choice) to: Circuits, Editorial Offices, 73 
Magazine, Peterborough NH 03458. Submissions not selected for 
publication will be returned if an SASE is enclosed. 



A GARAGE-DOOR OPENER 


ANOTHER HEAT CONTROL 
FOR A SOLDERING IRON: This 
control uses a solid-state dim¬ 
mer switch. These high-low rota¬ 
ry dimmer switches will control 
resistance loads of up to 600 
Watts. Wire one up with a fuse in 
a small utility box and you will 
have an infinite heat control for 
soldering. Incidentally, if you 
use a dimmer switch rated at 600 
Watts, it can also be used as a 
speed control for your 3/8-inch 
electric drill.— E. A. Rowe 
W7PWQ, Chelan WA. 



PERMANENT POWER FOR THE IC-25A/H: Here's a way to keep your 
memory without having to worry whether you left the radio on. Add a 
third connection in the power plug as shown. Connect this to a con¬ 
tinuous 12-V source through a suitable resistance to drop it to 9 V (I 
used a Ik trimmer adjusted to 670 Ohms). Connect the normal power 
lead of the radio to an appropriately-switched 12-V source, and the 
memory will receive power even when the radio is turned off.— Vir¬ 
ginia Smith KA6NVB, San Diego CA. 


CAN DO MORE: You can make 
the spare channels on a garage- 
door opener with the circuit 
shown here. Anything you want 
can be turned on or off, as tong 
as it is within the amperage ca¬ 
pability of the relay. One part, 
the latching relay, can be found 
at Heath (part #273-3). The trans¬ 
former to operate it is part #273- 
4— James Smith K5PTC, Irving 
TX. 




Fig. 1. Mechanical details. 
74 73 Magazine • July, 1984 


MULTIPLE PLUG ADAPTER: After years of struggling to find the 
right adapter for the right piece of gear, I built one that handles many 
types of connections. I took a small hinged-lid box, like the boxes 
that small bandages come in, and mounted a phone plug on one 
end. Then I added a variety of different sockets on the sides of the 
box. I included BNC and RCA connectors, pin jacks, small sockets, 
and banana jacks. Now I save a lot of time when servicing and test¬ 
ing.— Wm. Bruce Cameron WA4UZM, Temple Terrace FL. 



Fig. 2. Charger schematic. 


STAND-UP CHARGER FOR YAESU HTs: Inexpensive Radio Shack 
parts can be used to make a charger for the Yaesu FT-208R 
transceiver. Small screws (such as 6-32 MS) are threaded through 
both boxes (RS #270-230) using the drilling dimensions shown in Fig. 
1. Matching spring material is threaded onto both screws to make 
contact with the charging buttons on the bottom of the FT-208R. Ex¬ 
periment to get the best contact, then add rubber padding to the top 
box to obtain a snug fit. The charging circuit in Fig. 2 will drop the 
normal charging current about 10 mA, from 45 mA to 35 mA, which 
will increase the total charging time. J1 is RS #274-292, R1 is RS 
#271-007, and LED1 is RS #276-069. The LED will glow only when 
proper contact is made with the bottom contacts of the HT.— David 
F. Miller K9POX, Niles IL. 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 8 

have about 500 high schools 
that have ham clubs today. In 
Japan, there are over 5,200 high 
schools with ham clubs. And in 
Japan, when they have a 
club... how many of you have 
ever seen a copy of the Japa¬ 
nese CO ham radio magazine? 
Runs six or seven hundred 
pages a month with about a hun¬ 
dred pages of club activities 
with pictures of maybe 50 to 
three or four hundred people in 
the group all having a whale of a 
time. Every month. It's like Day- 
ton every week. 

So I hope to do something 
about that. What I would like to 
do eventually is to encourage 
every high school in the United 
States to have a period of their 
school—one period during school 
hours—set aside for a high-tech 
hobby club, amateur radio, com¬ 
puter, astronomy, whatever. 

If you make it after school, you 
run into two problems which are 
not surmountable. Number one is 
busing. Number two is overtime 
pay for teachers. If it's after 
school, the unions require that 
they get overtime and that's not in 
the school budget. 

So let's make the club during 
school hours. And I'll bet you if we 
do that, that we can get virtually 
every ham club in the country to 
volunteer somebody to go in and 
help those students learn and 
know more about amateur radio. I 
know that I can get the computer- 
club people to go in and help with 
the computer clubs. 


The rules and regulations. I 
don't know how many of you 
have read 97 recently. Not many, 
I’ll bet. But right there up front, 
97.0 gives reasons why amateur 
radio is a service. One reason is 
to supply communications in 
case of an emergency. Another 
reason is to invent and pioneer 
new technology. Another rea¬ 
son is international friendship. 

I'd like to just speak briefly on 
that (97J. I don’t know how many 
of you operate 20 meters and 
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have listened to the pile- 
ups. . .the list operation on the 
contests. As far as international 
friendship is concerned: hardy, 
har, har, har. [Guffaws.] 

Inventing and pioneering new 
technologies. About 20 years 
ago, we were pretty good at that. 
We invented and pioneered 
single sideband. We invented 
and pioneered narrowband FM. 
And, as they say, what have you 
done for us lately? Not much. 

Unfortunately, most of the 
pioneering, most of the invent¬ 
ing, is done by youngsters. And 
we have stopped having young¬ 
sters coming into the hobby. 

Our country has lost over one 
million engineers and techni¬ 
cians that would have come into 
the industry by way of amateur- 
radio-starting. And that's why 
we are not designing or building 
very much electronic equipment 
or that has a lot to do with it. 

I hope we can reverse that. 
Have you seen any military 
equipment lately? It’s all high¬ 
speed digital. How many people 
here are on high-speed digital? 
Thank you. We have one person 
here who might be of value to 
the military. No, forty years ago 
when we had a war you read 
about it in the papers; 80 per¬ 
cent of the hams volunteered 
and went into the military. And 
we were of value. 

But we are so hopelessly out 
of touch with electronic technol¬ 
ogy today and unfortunately 
such a high percentage of us are 
in our 50s, 60s, and 70s, and 80s 
that we're really not of much 
value to the country any more as 
a supply of trained operators. 
[Grumbling.] 

That leaves us with emergen¬ 
cy communications. The replies 
that were sent to the FCC by 
about a hundred ARRL clubs on 
the no-code proposal were very 
clear. And they said in essence 
(and I would say they said very 
clearly) that we need Morse 
code because it's the only 
means of communication of last 
resort. When everything else 
fails, you have Morse code. 

I would like to see somebody 


convert a transistor radio for 
CW. I would like to see some¬ 
body take an HT and dust it off 
after the atomic attack and try 
to make It work on Morse code. 
Because that's what we're go¬ 
ing to have, mobile rigs and 
HTs. 

Tes, 30 years ago when you 
had tube radios, you could wire 
something up and make a 
Morse-code transmitter out of it. 
And we have all those people 
that used to be able to do that 
commenting on the no-code li¬ 
cense. I look and see what Ja¬ 
pan has done with that and the 
supply of Japanese licensed 
amateurs increasing from 
18.000 to one and a quarter mil¬ 
lion at the same time that we 
went from 285,000 to 400,000. 

And (unfortunately) they are 
the best operators in the world. 
For those who say you must 
have Morse-code skill in order to 
be a good operator, I’ve never 
seen any correlation. 

Now, I don’t know If no-code 
would work in this country or not 
and would make a difference 
and would encourage people to 
get into amateur radio. But I 
think it's worth a try. 

If Morse code is that impor¬ 
tant and if that is what we are 
going to have to depend upon 
when the atom bombs fall (for 
communication), I don’t see any 
other choice but to make sure 
that every amateur is very, very 
good at Morse code. You don’t 
really have any choice. 

You've got to be good at it be¬ 
cause you're going to have to 
handle millions of messages. 
You’re going to have to handle 
an incredible amount of mes¬ 
sages. 

I’ve just made a note of a few 
of them. You've got to handle 
traffic about radiation and 
where the detectors are, military 
communications, law and order 
communications, food, water, 
shelter, clothing, medical help, 
medical supplies, evacuation, 
toilet facilities, power, getting 
equipment around where it is 
needed, travel communications, 
and so forth. 

You've got an enormous 
amount of things you're going to 
have to handle. 

Anybody who has done emer¬ 
gency communications knows 
what I am talking about. You are 
immediately overloaded enor¬ 
mously and hams have to work 
36 hours at a time without stop¬ 
ping and they still fall way be¬ 


hind on trying to keep up with 
minor emergencies. And we're 
talking about—now—when the 
chips are down. We’re talking 
about being able to supply 
emergency communications in 
case of nuclear attack. And we 
can't plan for anything less. 

We have painted ourselves in¬ 
to a corner that we can’t get out 
of on that. There is no way that 
we can provide even a fraction 
of what Is needed. And we have 
stopped ourselves from essen¬ 
tially being able to do anything 
about it. 

What could we do? We could 
start working toward high-speed 
digital communications with lit¬ 
tle units maybe a third the size 
of the Model 100, where you can 
write messages. And we can 
have our repeaters so they relay 
them automatically, as I said be¬ 
fore. And all of this, if we have 
enough hams, will be done very 
inexpensively, will be done with 
single chips. 

Think of the communications 
facility we would have if you 
could pick virtually anybody that 
you wanted to talk with and 
write a message to him and have 
it automatically delivered. It 
would be a different kind of ama¬ 
teur radio. 

If we tuned 15 meters and 
every time you came across a 
signal, the call letter flashed on 
your transceiver on a little read¬ 
out because he's sending his 
call automatically on a subcar¬ 
rier at high speed...and it 
would read out and you could 
tune, you could have, you could 
punch in on your keyboard, the 
prefix that you’re looking for. 
You could work all 350 countries 
in alphabetical order [chuck¬ 
les]—in a day, if there's a few 
DXpeditions out there. And at 
the DXpedition, all you have to 
do is send the box and have an 
automatic flip-up antenna at the 
post office. [Guffaws.] And have 
a little chip in there that prints 
out the awards certificate when 
you contact the station auto¬ 
matically. [Guffaws.] 

Well, I joke about it, but it isn’t 
that far off. We could do that. 
And indeed, if we don't have a 
system that can handle that 
quantity of communications 
and do it automatically and not 
insist on having a skilled oper¬ 
ator present, we're not going to 
be able to provide the communi¬ 
cations that are needed. 

Now, it's up to us to design 
equipment, to buy it, make it 




work, and have it ready, but it 
should be capable of being oper¬ 
ated by anybody. 

Questions 

Just one comment: Sixty million 
is kind of Mickey Mouse, isn't it? 
I don’t know, it seems kinda 
good. [Guffaws.] I haven’t had 
any emotional problems with it. 
[More.] I guess the main people 
who have had emotional prob¬ 


lems with it are the people 
around me because I haven’t 
changed much. I still live in a 
one-room apartment over my of¬ 
fice and everybody says, “Gee, 
you’re so wealthy, you should 
have an estate and everything 
like that.” It isn’t that bad. 
Yeah? 

Yeah, you talked about in one of 
your editorials about liking all 
these gadgets. I Just wonder 


how you fit them all in? 

Well, fortunately the gadgets 
that I like are all very small. And 
it’s not that much of a problem. 
Everything is, you know, they’re 
all small. I’m a gadget fanat¬ 
ic—-but, very few large gadgets. 
Yes? 

You're still the owner of 76, 
aren't you? 

Pardon me? 

You still own 76? 


73? No, I sold 73. I am still the 
publisher and president of the 
corporation but it is owned by 
IDG. And we changed the name 
of it to CW Communications in 
honor of Morse Code. [Guffaws.] 
You notice my little key up here. 
[Gold lapel pin.] 

... I thank you all very much 
for coming. If you have any fur¬ 
ther questions, come up here 
and ask them. [Applause.] 


7 } ? Fox Tango 


Your rig — old or new — is 
no better than its i.f. filter. 

TOP PERFORMANCE 

Fox Tango Filters contain eight 
specially treated discrete quartz 
crystals, unlike miniature ceramic or 
monolithic corner-cutting designs. 
Give your set new life with a Fox 
Tango implant or transplant. It's a 
lot cheaper than buying a new rig 
with features you don’t need and 
probably won’t use! 


Fox Tango stocks superior CW, SSB, 
and AM filters for practically all 
Yaesu, Kenwood, and Heath models. 
Also for Drake R-4C, 7-line; Collins 
75S3-B/C, and some ICOM’s. More 
than 80% of our filters sell for $60. 
Most are designed for easy drop-in 
installation. For the others, com¬ 
plete instructions and all needed 
parts are included in the price. 


Tell us the make and model of your 
set. You’ll get the complete informa¬ 
tion on FT filters to fill optional 
spots, replace your present tired or 
inferior stock units or supplement 
them with Fox Tango Filter-Cascad¬ 
ing kits. If you phone you can order 
at the same time; we accept VISA/ 
MC or ship C.O.D.Order direct or ask 
your favorite Dealer. 

GO FOX-TANGO — to be SURE! 
Ask the ham who has one. 

FOX TANGO CORPORATION 

Box 15944, Dept. S 
West Palm Beach, FL 33416 
Telephone: (305) 683-9587 
Dealer inquiries invited. 


MICROWAVE PREAMPLIFIERS 

Ampire 1690N: 

• 1.6 to 1.8 GHz 

• 25 dB gain 

• 3.0 dB noise figure 

• N connectors standard 

• Use on GOES & METEOSAT systems 
Ampire 2001: 

• 2.0 to 2.6 GHz 

• 20 dB gain 

• 3.5 dB noise figure 

• BNC connectors standard 

• DC & RF cables included 

• Use with microwave TV converters 

Ampire 1690N .M39** 

Ampire 2001 .*129** 

Ampire 2001N .■149** 

Shipping: USA.. .*2 00 Foreign .. ’ 10 °° 

Data 8arv»ca Company 

3110 Evelyn Street 

Roseville, MN 55113 ,-, mmm 

612-636-9469 “ **“' 



T^lNFMAI FLFCTRnMirsI 












CONTESTS 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 

VENEZUELAN INDEPENDENCE 
WORLDWIDE CONTEST 
SS8 

Starts: 0000 GMT July 7 
Ends: 2400 GMT July 8 
CW 


the Americas working 15 YV stations am 
different countries, all European and t 
can stations working 10 YV stations am 

Oceanic stations working 5 YV stations 


id segments. Single-am 


31-second timebases. Color w 


missions. Motion SSTV must f 
mum of 2 frames sent with 
receive switching circuitry oi 
operated switching by the rec 
ator and 64 x 64 “quadrant” si 


IARU RADIOSPORT 
CHAMPIONSHIP 
Starts: 0000 GMT July 14 
Ends: 2400 GMT July IS 


st period. Operating 
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Bill White, vice-president of marketing for 

other is production lines where KIKs 
automatic triggering simplifies and 
speeds operation.” 

For more information, contact Kikusui 
International Corporation, 17819 S. Fig¬ 
ueroa St., Gardena CA 90248; (800)-421- 
5334. In Alaska, California, and Hawaii, 
call (213F515-6432. Reader Service 
number 476. 

CONFINED E-FIELD 
DISPLACEMENT ANTENNA 
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AWARDS 


USS COD DXING 

NOARS and the USS Cod will be on the 

air again this summer. Northern Ohio ARS 



BARC CERTIFICATE 


attention on the Interesting "Green Coun- 




Osage. and/or Washington Counties of 


Applicants for the award should submit 
calls and pertinent details of their three 
qualifying QSOs, plus a Si .00 handling 
fee. OSLs are not required. Applications 

ger, 1800 Moonlight Drive. Bartlesville OK 


2000TH ANNIVERSARY 

To celebrate both the 2000th annlver- 

and the 60th anniversary of the New Trier 
High School ARC, a certificate will be 

tion in both Trier and New Trier Township, 


Northfield). Contacts must be made In 
1984, any band, any mode. 

Send OSLs for both QSOs to New Trier 
H.S. ARC, W9EDC, New Trier H.S., Winnet- 
ka IL 60093, along with a large SASE, 54 
cents US postage, or 4 IRCs for a non- 
folded certificate. 


award, special-event stations will be 
operated simultaneously from Trier 
(DL8TR. DLflBBS) and New Trier (W9EDC) 
on June 30th and July 1st. Operation will 
be 80-10 meters (SSB and some CW), 15 


OSCAR 10. 


THUNDER ON THE OHIO 

The Tri-State Amateur Radio Society 
(TARS) will operate a special-event station 

and Thunder on The Ohio Hydroplane 
Races during the Fourth of July weekend 

The station will use the club call W90G 

(W 9 Old Glory) which is very appropriate 
for July 4th. Operations will begin on June 
30. 1984, and continue daily through July 
4. 1984. Hours of operation will be lOttO 
am to 5:00 pm CDT in the lower portions of 

the Novice and General segments of the 

modes will be used including RTTY. 

An attractive 8 x 10 certificate will be 
available for $1.00 postage to confirm 

be packaged flat and be suitable for fram- 

cate, a special QSL card will be sent con¬ 
firming all contacts. Please include 20« 
postage for the QSL card. 

Send QSO information to TARS Special- 

Event Station W90G, Attn: M. G. Ander- 

son. PO Box 3284, Evansville IN 47732. For 

additional Information on the special- 

424-2306 (days) or (812H76-5572 ( (eve- 
nings), or write asking to be placed on our 
publicity mailing list. 


STEAM ENGINE 
CONVENTION 

A special-event station will be operat¬ 
ing July 13-15 from the Bourbon County 
Fairgrounds In Bourbon County, Ken- 

engine convention. This station will be op¬ 
erating with the call of WD4GPO, in the 
General phone and CW portion, with some 
Novice activity planned. All amateurs and 


Club of Winchester, Kentucky, send an 
SASE to Pete Clough WD4GPO, 425 Bell 
Street, Paris KY 40361, 


SPEEDWAY STATION 

The Adrian Amateur Radio Club is Hav¬ 
ing a special-event station. W8TOE, at trie 
Michigan International Speedway (MIS) 

on July 20,21. and 22. The frequencies will 
be 28.625, 21.360, 14240, 7240, 3900 * 
QRM. The Novice bands up 10 kHz. 21.110, 

igan 500 Indy-type car race A special cer¬ 
tificate will be offered. Send a targe SASE 
to Adrian Amateur Radio Club, PO Bo* 26. 


DETROIT ARSENAL 

The Tank-Automotive Command ARC 
will operate W8JPW on July 21,1984, from 
1300-2000Z to commemorate the 43rd 



W8JPW, US Army Communications Com¬ 
mand, Attn: CCNC-TAC-M, 28251 Van 
Dyke, Warren Ml 48090, 


BERNE SWISS DAYS 

e Adams County ARC will ope 


le General phone band on 


QSL to the Callboak address for a decora¬ 
tive certificate. 


TU-1200 

• Baud rates to 1200 ASCII & 
BAUDOT 

• TTl & RS-232C I/O 

• Bell 202 compatible tones. 

Kit S 99.95 
wired $129.95 


TU-170A 

• Single shift RTTY terminal unit. 

• Xtal AFSK, FSK. active-filters and 
more. 

Kit $189.95 
wired $289.95 





Full featured RTTY to 300 baud $499.95 
plus CW terminal unit. 

3 Shifts, active filters, remote control, xtal 
AFSK. FSK. 



TRS-80* RTTY/CW 

• ROM-116 Interface for model. 

IV (16K MIN). $275.00 

• Trademark of TANDY CORP. 


i-or more intormation & sales 

1-800-HAM-RTTY 

SERVICE 1-913-2344198 

,© Flesher Corporation 


P.O BOX 976 
TOPEKA, KS. 66601 
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Selling 73 will 
make money for 
you. Consider the 
Fact 1: Selling 73 increases 
V store traffic—our dealers tell 

us that 73 is one of the hottest- 
selling amateur radio magazines on the 
newsstands. 

^ Fact 2: There is a direct correlation between 
store traffic and sales—increase the number of 
people coming through your door and you’ll increase 
sales. 

Fact 3: Fact 1 + Fact 2 = INCREASED SALES, which 
means more money for you. And that’s a fact. 

For information on selling 73, call 800-343-0728 (in New 
Hampshire call 1-924-9471) and speak with Ginnie 
Boudrieau, our bulk sales manager. Or write to her at 
73, 80 Pine St., Peterborough, NH 03458. 


ie Street Peterborough. NH 03458 

800-343-0728 


MOVING? 

Let us know 8 weeks in advance so that you won't 
miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 


D Extend my 5 
□ Payment en 

iubscription one additional year for only $17 97 
closed □ Bill me 

It you have 

no label handy, print OLD address here. 




tt City 



P'int \l II address hen 


City State Zip 
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ir. For example 


particular voltage pattern 


the statement Q = PEEK(49241 


FUN! 


John Edwards KI2U 
PO Box 73 

Middle Village NY 11379 

RADIO AND ELECTRONICS 
PIONEERS 

It is natural that one should wonder 
whether the wireless telephone is destined 
to displace our present apparatus (telegra¬ 
phy). This does not seem at all probable. In 
the first place, wireless telephony is now, 

and probably always will be, very expen¬ 

sive. Wherever the wire will do, it is the 
more economical... Millions of messages 
going in all directions, crossing and re- 
crossing one another, as is done every day 
by wire, are probably an Impossibility by ra¬ 
dio telephony. Weird and little-understood 
conditions of the ether, static electricity, 

Kellogg Towers, Masters of Space, 1917. 

Don’t you just love the predictions of so- 
called experts? Every time I read a newspa- 

think of the preceding quote. 





ELEMENT 1 
MULTIPLE CHOICE 


1) Which of the following devices was an in¬ 
vention of Sir Hiram Stevens Maxim, father 
of ARRL founder Hiram Percy Maxim 
W1AW? 

1) Radioscope 

2) Self-regulating generator 

3) Carbon resistor 

4) All of the above 


2) Which of the following men first pro¬ 
posed naming the two electrical poles 
"plus’’ and "minus”? 

1) Thomas Edison 

2) Henry J. Faxton 

3) Michael Faraday 


3) English philosopher and chemist Joseph 



4) Static discharge 



2) An old picture frame 

3) Bits and pieces of old newspapers 


1) Spencer Tracy, Don Ameche 

2) Raymond Massey, Cedric Hardwicke 

3) Mickey Rooney, Spencer Tracy 

4) William Powell, Humphrey Bogart 


ELEMENT 2 
MATCHING 



1) deForest 

2) Fleming 

3) Fessenden 


6) Affel/ 
Epensched 

7) Stanley 

8) Shockley/ 


A) Radar 

B) Television 

C) Teleprinter 

D) Radiotelephony 

E) Triode 

F) Diode 

G) FM radio 

H) Magnetic detector 

I) Transistor 


9) Armstrong 

10) Taylor/Young 

11) Berliner 

12) Elster 

13) Poulsenf 
Fessenden 

15)Zworkin 



K) Heterodyne 

L) Radio beacon 

M) Tape recorder 

N) Photoelectric cell 

O) Circuit breaker 

P) Multigrid tube 

Q) Ac transistor 

S) Coaxial cable 

T) Cascade tuning 

U) Microphone 


19) Donovan 

20) Langmuir 


ELEMENT 3 
TRUE-FALSE 


1) Zenith, the famous 
electronics company. 



relaying distress 
messages from the Ill- 
fated RMS Lusitania. 


was WPU in Albany, 
New York. 


was only 29 years old. _ 

bankrupt at the age of 

8) Reginald Fessenden 
was an adopted son 

of Thomas Edison. _ 

9) Michael Faraday, of 
unit of capacitance 
fame (the farad), died 

in 1967. _ 

10) The coulomb—the 


Charles Augustin 
Coulomb (1736-1806). _ 


ELEMENT 4 
SCRAMBLED WORDS 

electronics pioneers. 

RAMINCO YARAFAD LAVi 

RETZH HOM ROS 

PRAMEE YARAFAD SLA' 


THE ANSWERS 




founder, E. F. McDonald 
(originally ZN-ith Radio 
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DEALER 

DIRECTORY 



v_/ 

J. H. Nelson 
4 Plymouth Dr. 

Whiting NJ 08759 



DEALERS 

can contain up to 25 words for as 
little as $150 yearly (prepaid), or 
$15 per month (prepaid quarterly). 
No mention of mail-order business 
or area code permitted. Directory text 
and payment must reach us 60 days in 
advance of publication. For example, 
advertising for the October ’84 issue 
must be in our hands by August 1st. 
Mail to 73 Magazine, Peterborough 
NH 03458. ATTN: Nancy Ciampa. 



A = Next higher frequency may also be useful. 

B = Difficult circuit this period. 

First letter = night waves. Second = day waves. 

G = Good, F=Fair, P = Poor. * = Chance of solar flares. 
# = Chance of aurora. 

NOTE THAT NIGHT WAVE LETTER NOW COMES FIRST. 

July 
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GIG 

2 
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3 

GIG 

4 1 

G/G! 

5 1 

F/F > 

6 ! 

F/G , 
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F/F 

10 
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Load a 
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Top-Notch Tuner Time 

S Can’t get your signal out of the back¬ 
yard? Build KC2NT's antenna matcher 
and hear what you've been missing 

KC2NT 

Cheap Power Ploy 

S This rugged supply will give you more 
power than you ever dreamed possible 
Have we gone too far this time' K9QI.L 

Penn's Two-Tone Gadget 

pyl Clue one: We re talking about lab quai¬ 
ls—I ity Clue two: Cet your |unk box 


Yaesu, Icom Graft Revealed 

S Splice Icom s headset to Yaesu’s talkie 
and discover handle happiness 


Stare-Way to Heaven 


sics: Part I 
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K4IPV 40 


Messing With Heath 

|)T“| This 101 control mod proves fun and 
L-ll easy with frequency Your rig deserves 

AI7C 46 


AMTOR How-To 

FEC' ARQ' Don't panic Timely advice from 
the father of AMTOR takes the confusion 
out of our newest mode W21U P 62 
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■*** and scope Let your Apple II peak and 
tweak a soft circuit instead KJLF 66 
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NEVER SAY DIE 



ARE YOU GAME? 

If you're Into DXing, you've 
read about the two recent DXpe- 
ditions to the Republic Of China 
(Taiwan). One was Italian and 
the other Japanese. . . so I 
wasn't completely surprised 
when Tim Chen BV2A. for years 
the only licensed amateur on 
Taiwan, suggested that it was 
getting to be time for an Ameri¬ 
can DXpedltion to BV. 

Tim talked to me while I was 
attending a computer show In 
Taipei. BV is still relatively rare, 
so I agreed that such an opera¬ 
tion would be great fun. . .an 
opportunity for some American 
hams to experience the excite¬ 
ment of being on the business 
end of a DXpedltion. . .but with¬ 
out the miseries you often have 
to go through. 

Taiwan is a fantastic place 
to visit. There are friendly peo¬ 
ple, great food, Incredibly low 
prices, and amazing sights. 
Even though I get there once or 
twice a year, I always look for¬ 
ward to it and enjoy It. I'd sure 
like to get you to Taipei for a few 


days; you'd love It. It would be a 
DXpedition you'd remember the 
rest of your life. Before I go into 
details on the DXpedition. let me 
tell you how I happened to be 
visiting Tim. 

Commerce Tours runs a two- 
week trip every spring which co¬ 
incides with computer shows in 
Tokyo. Seoul, and Taipei. Since 
it's important for me to keep up 
with micro developments world¬ 
wide, I try to make this tour. 
Also, this time I was looking for 
some computer products which 
I might be able to import. 

Commerce was able to let me 
start a day late on the trip so 
that I could get an honorary doc¬ 
torate degree and give the com¬ 
mencement address at Central 
New England College in Wor¬ 
cester, Massachusetts. Readers 
of my editorials will not be sur¬ 
prised to learn that I gave a talk 
on my favorite subject: how you, 
yes you, can get rich. It seemed 
like a good message for the grad¬ 
uating class of this outstanding 
college. 

I was a bit Intimidated when I 


saw that my commencement 
predecessors had been Ted Tur¬ 
ner. Bob Hope, Malcolm Forbes, 
and Frank Perdue. While I hadn't 
heard their talks. I felt that mine 
might be of more personal im¬ 
portance to the graduates and 
certainly right in line with the 
school motto: "Yes. You Can!" 
It came off fine and the resulting 
enthusiasm got me started on 
an "I Can" book during my 
Asian trip. I wrote on my lap 
computer during flights, in wait¬ 
ing rooms, and on buses. 

When the graduation cere¬ 
monies were done I was whisked 
to the airport for a flight to Los 
Angeles.. .and then Tokyo. There, 
we went to both a microcomput¬ 
er show and an office-automa¬ 
tion show, getting a full dose of 
both the low and high end of 
Japanese microcomputers. 

The next step was Seoul, 
where the shopping Is great if 
you like $9.00 New Balance 
sneakers and $10.00 Hang Ten 
suitcases, but it was a bomb for 
computers. An American outfit 
had taken over the yearly com¬ 
puter show and apparently 
alienated just about everyone. I 
think the whole show took less 
than ten minutes to see. The 
hundreds of small Korean com¬ 
puter firms passed it by. This 
was hard on our group, many of 
whom had rather good budgets 
for buying computer products 
for US distribution. Oh well, 
maybe we would do better in 
Taipei. 

We did indeed. The Taipei 
computer show had over 200 ex¬ 
hibitors and much business was 
done. I got some excellent 
quotes on products I want to 
have made. 

No trip to Taiwan is complete 
without an update on the ham 
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A. Lamendola KC2NT 
225 Kaymar Drive 
Rochester NY 14616 


Top-Notch Tuner Time 

Can't get your signal out of the backyard? 
Build KC2NT's antenna matcher and hear 
what you've been missing. 


T his tuner has been used 
effectively to feed the 
helical antenna described in 
the May, 1983, issue of 73' 
It is a developmental out¬ 
growth of a random-wire 
tuner used successfully for 
many years with a 9.14-me¬ 
ter (30-foot) whip placed 15.2 
meters (50 feet) above 
ground. The tuner has been 
employed with an endfed 
wire 19.5 meters (64 feet) 
long on 80 through 10 me¬ 
ters. It was recently used to 
load the house rain gutter 
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pipe system to complete a 
Rochester NY/Pittsburgh PA 
QSO on 40 CW with 20 
Watts output on my rig. 

In development of this 
tuner, my goal has been to 
create a system for coupling 
a transmitter with 52-Ohm 
or 75-Ohm output to any 52- 
or 75-Ohm coax-fed anten¬ 
na. The tuner assembly con¬ 
tains a couple of high-ca¬ 
pacity condensers and a 
12.7-cm-long (5-inch), 7.62- 
cm-diameter (3-inch) coil. 
However, this circuit is not 


the familiar pi coupler de¬ 
vice as will be evident later 
on in this article. A notewor¬ 
thy feature of the tuning 
unit is the greater selectivity 
exhibited on transmit and 
receive. 

Description 

The general tuner config¬ 
uration resembles some¬ 
what a pi coupler output 
with an LC series-tuned in¬ 
put in place of the pi input 
capacitor. Filter tables de¬ 
scribe the input system as a 
low-pass m-derived series 
half section. The output sec¬ 
tion is listed as a low-pass 
constant-k output half sec¬ 
tion. The fundamental tuner 
design is shown in Fig. 1. 
However, the tuner of Fig. 1 
is easily simplified by re¬ 
placing the series inductor 
as shown in Fig. 2. Note the 
optional capacitor bank of 3 
x 500 pF. This is necessary 
on the 75/80-meter band 
with some aerials, e g., the 
helical antenna. Upon close 
inspection of Fig. 2, one can 
see that the shorted portion 
of the coil is really two in¬ 
ductances in parallel with a 
ground return by way of the 
500-pF tuning capacitor. 

As the 500-pF capacitor is 
tapped at the various turns 
of the shorted inductance, 
the inductance of the paral¬ 
leled coils changes in value. 


This method has proven 
quite effective in helping 
get the proper antenna¬ 
matching impedance. The 
500-pF capacitor acts as a 
kind of band-spread device 
to cover small increments 
within the band from one 
end to the other. The output 
capacitor should require lit¬ 
tle trimming after it is set for 
the particular band. For 
some random antenna con¬ 
figurations, the tuner in¬ 
put/output connections are 
sometimes reversed; this 
seems to be especially true 
at the 20- through 10-meter 
bands. 

Construction 

My first tuner model used 
a length of B & W commer¬ 
cial coil, stock #3033. The 
unit is wound with #12 wire 
at 6 turns per inch. Coil 
length is 12.7 cm (5 inches) 
with a diameter of 7.62 cm 
(3 inches). My present tuner 
model has a very low cost 
homemade coil wound on a 
very simple and sturdy air- 
core form. Since #12 bus 
wire was unavailable at the 
local surplus outlet, I wound 
the coil with #14 bus wire. 
The coil was fitted on the 
form shown in Fig. 3. 

Please note that this coil 
size should allow its use 
with transmitters in the 150- 
Watt-output class. Howev¬ 
er, when using a helical ly- 



Antenna tuner showing the tuningcoil system and the com¬ 
mon ground point for tuning capacitors. 


wound antenna with this 
power, a capacity hat must 
be installed at the antenna 
top. This eliminates corona 
discharge which will dam¬ 
age the aerial at the top end. 

Fig. 3 shows two pieces of 
acrylic plastic sheet 1/8 inch 
thick, .3175 cm, fitted as 
shown. All dimensions are 
listed in the drawing. Epoxy 
cement is applied at points 
where the sheets come to¬ 
gether at right angles to 
each other. This gives rigidi¬ 
ty to the coil form. The 
winding grooves are sepa¬ 
rated 4 mm apart The slits 
in both pieces should have 
the same width as the thick¬ 
ness of the plastic sheet 
That will allow a secure fit 
for the two pieces. 

In wiring the tuner, I 
found that a common 
ground point return for the 
capacitors was important to 
efficient operation. Also, it 
would be a definite advan¬ 
tage to mount the tuner 
components so that they 
may be easily interchanged 
and interconnected in con¬ 
figurations other than the 
one described in this article. 
That will allow the tuner to 
be configured with any and 
all antennas the user will 
ever encounter. However, 
my particular design has 
been used with random 
wires of varied types and 
has worked well. 

Operation 

Initial tuner settings 
should be determined with 
the aid of an antenna noise 
bridge. The tuner will allow 
close to 1:1 swr match of an- 
tenna-to-rig output of 52 or 
75 Ohms. Since the device 
tuning is sharp, great care 
must be taken in using regu¬ 
lar tuning procedure to pre¬ 
vent overloading and dam¬ 
aging the final amplifier. If 
an antenna bridge is unavail¬ 
able, the tuner may be ini¬ 
tially set by tuning the de¬ 
vice for maximum signal 
output on the receive por¬ 
tion of one's transceiver. 
However, on transmit, a 
slight retuning is generally 


necessary. This must be 
done with great care, again, 
to avoid overloading the 
final. 

With transceivers that 
have a continuously variable 
power-output control, eg., 
Ten-Tec's Century 21, the fol¬ 
lowing procedure may be 
used: First adjust the rig's 
power output for indication 
of swr below 1.5:1, e.g., start 
at 1.2:1. Then peak tuner ca¬ 
pacitors for 1:1 output. In¬ 
crease power a bit more. If 
swr rises above 1:1, repeak 
the input capacitor and/or 
output capacitor. If an swr 
higher than 1:1 persists, ei¬ 
ther or both coil taps have 
to be varied. The variation 
of coil inductance may be 
as simple as sliding the clip 
along the turn in a plus or 
minus direction, or the varia¬ 
tion may have to be as much 
as a turn or two plus or 
minus. 

By way of further illustra¬ 
tion, let us say that we wish 
to tune up at 7.040 kHz. We 
will use either a noise bridge 
or the alternate method just 
described and the helical 
antenna. Proper match is 
achieved when the tuning 
coil is shorted from the in¬ 
put end of the coil to the 
fourth turn from the output 
end. The input capacitor is 
connected at the seventh 
turn from the output end of 
the coil. The input capacitor 
is meshed in at about 65% 
of total capacitance. The 
output capacitor is meshed 
in at somewhat less than 
50% capacitance. With 
these settings, the antenna 
bridge will indicate a deep 
null. This is the indication 
of a properly matched an¬ 
tenna. 

In moving from one end 
of the band to the other, set¬ 
tings of the tuner are sharp. 
This means that retuning of 
the matching device is usu¬ 
ally necessary every 5 or 10 
kHz to maintain swr down 
to 1:1. To make sure that 
power is indeed at the an¬ 
tenna, a fluorescent lamp is 
put at the aerial end without 
touching it If the antenna is 



loaded, the lamp will glow. 
Use of this aid is necessary 
only when determining the 
tuner's true settings. It is a 
backup check in forestalling 
any false indication of power 
transfer from rig to antenna. 

Conclusion 

Therefore, this tuner can 
match a rig to most any aeri¬ 
al and maintain an swr of 
1:1. Because this antenna¬ 
matching device tunes 
sharply, additional harmon¬ 
ic filtering is available. The 
sharp-tuning feature is also 
evident on receiving; signals 
are peaked loudly and clear¬ 
ly. For those having capaci¬ 
tors in their parts box, the 
only other investment nec¬ 
essary is about 754 for scrap 
clear Lucite™ and one dol¬ 
lar for bus wire. When high- 



capacity condensers are un¬ 
available, 365-pF capacitors 
with paralleled switched fixed 
condensers may be used. 

The tuner design has been 
in service for many years, 
over 15 in all. One proof of 
its utility has been the lon¬ 
gevity of the finals for my 
two rigs, one solid state, the 
other vacuum tube The 
tubes are TV horizontal 
types. The transistors are 
4-Watt types operated with 
a very short duty cycle at 20 
to 35 Watts power output. 
The tuner capability in 
maintaining a 1:1 swr has 
greatly enhanced the life of 
the final amplifiers. ■ 
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Fig 3. Clear plastic coil form. 
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Bob ingle K9QLL 

RR 2 

Franklin II 62638 


Cheap Power Ploy 

This rugged supply will give you more power than 
you ever dreamed possible. Have we gone too far this time? 


L ooking for a 12-volt pow¬ 
er supply of moderate 
current, I found a schematic 
and information that prom¬ 
ised to be just what I need¬ 
ed. The supply was con¬ 
structed following the guide¬ 
lines and recommendations; 
upon completion, it was 
checked and put into ser¬ 
vice. Then the fun began. 

The supply was essential¬ 
ly the same as shown in Fig. 
1 and was to provide be¬ 
tween 3 and 20 Amps output 
(peak) at 12 volts. It did in¬ 
deed do this, but it also put 
out about 1/2 to 3/4 volts of 
assorted garbage that drove 
the equipment that it was 
operating into fits of sulking 


and, even worse, almost 
proper operation. 

While some of the equip¬ 
ment that is designed for use 
with vehicular power sources 
is fairly immune to power¬ 
line noise, this is not the 
case with most dc-operated 
equipment Spikes, ripple, 
and assorted other garbage 
can cause lost memories, 
lousy audio, and a host of 
other problems. It makes no 
sense to attach a kilobuck 
piece of gear to an inade¬ 
quate supply. 

The supply to be described 
here is the result of solv¬ 
ing the problems of the orig¬ 
inal supply (Fig. 1). While the 
original was not designed 



Photo A, Interior of 25-Amp supply showing position of 
major components and airflow shrouding 
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for ham gear, the five sup¬ 
plies built to this pattern 
(Fig. 2) have proven excel¬ 
lent for everything from 
high-power stereo gear to 
allband transceivers. 

The supply was designed 
to be built using parts that 
are cheap and readily avail¬ 
able. The use of surplus 
components dictates a cer¬ 
tain amount of caution but 
can result in an excellent 
product at a minimum price. 
With a little care and some 
improvisation with regard to 
transformers, the price of 
this supply should be under 
$50.00—considerably under 
$50.00 if you're a bargain 
hunter with a sharp eye. 

What about specs? This 


supply will provide (depend¬ 
ing on components chosen, 
of course) between 15 and 
30 Amps (or more) at 5 to 28 
volts with ripple and noise at 
about 5 to 10 mV p-p and 
regulation usually within .05 
volts or so. There is full ther¬ 
mal protection and the 
usual provisions for current 
limit and OVP (over-voltage 
protection). 

First, let's take a look at 
the supply in Fig. 1 and see 
where it goes wrong. Starting 
with T1, which provides 18 V 
ac to the bridge rectifier, 
and then to Cl, which is 70k 
pF, we have about 25 V dc to 
the pass-regulator circuit 
under no-load conditions. 
The regulator and pass tran¬ 
sistors require a voltage at 



Fig 1. Original supply. 





least 5.6 higher than the out¬ 
put voltage to maintain reg¬ 
ulation 13.6 V + 5.6 V = 
19.2 V. If at any time the in¬ 
put voltage drops below 
19.2 volts, the regulator 
loses control and the output 
changes. 

The voltage across C'l has 
a waveform as shown in Fig. 
3. As the current increases, 
the hump at the front in¬ 
creases. This is the principle 
component of the output 
ripple and is due to the fact 
that the rectifiers conduct 
for a short period of time to 
charge the capacitor. Increas¬ 
ing the capacitance simply 
increases the amplitude of 
this "spike," which makes 
the problem worse and in¬ 
creases the already high de¬ 
mands on the diodes in the 
bridge. 

In addition, the regulator 
was unstable at certain cur¬ 
rents and seemed to put out 
more hash than the spec 
sheet called for at this volt¬ 
age (about 10 times morel). 
Bypassing and rewiring the 
ground circuit got rid of the 
hash, and increasing the in¬ 
put voltage improved the 
regulation and ripple prob¬ 
lems. The supply proved OK 
for a 2-meter amp that didn't 
seem to care about the rip- 




Photo B. Load resistor for testing. 


pie (.2 V at 20 A), but it 
wouldn't serve the purpose 
it was originally built to 
serve. 

At this point, I priced 
commercial supplies and 
immediately went back to 
the drawing board. After 
some research and experi¬ 
mentation, the supply shown 
in Fig. 2 was built and tested. 
It worked. The four supplies 
built to the same pattern 
have all worked. 

The belt-and-suspenders 
approach has proven to be 
well worth the time and 
slight additional cost. Ac¬ 
tually, with the price of 
2N3055s at three for a buck 
and the use of smaller and 
cheaper capacitors in what 
is really a simple circuit, the 
actual cost was not much 
more than the original sup¬ 
ply. 

Let's now see the how and 
why of the "quiet" supply. 
The bridge rectifier uses 
surplus diodes rated at 100 
V and 50 Amps; this seems 
like overkill and perhaps it 
is, but the peace of mind 
bought for $1.25 each was 
worth it With Cl at 25k pF, 
the conduction spikes can 
get up to ten times the out¬ 
put current, so they really 
don't represent that much 


overkill after all. Cl is 25k pF 
at 75 volts because I got a 
box full for $1.00 each. R1 is 
simply a bleeder and should 
draw about 100 mA at the 
peak no-load voltage across 

ci. 

T1-T4, ZD1, R2, and C5 
form a circuit that thinks it is 
a multi-farad capacitor. The 
capacitance of C2 is multi¬ 
plied by the beta of the Dar¬ 
lington circuit formed by 
T1-T4. The current demands 
on T4 are not enough to re¬ 
quire a 3055, but they're 
cheap. I simply selected one 
with a beta of about 60 for 
the driver. This particular 


circuit is about 10 farads ef¬ 
fective capacitance and the 
output ripple to the regula¬ 
tor is less than .2 volts at 20 
Amps (p-p). ZD1 provides a 
clamp to keep the input 
voltage to the regulator at 
24 volts in this case. 

The regulator circuit is 
based on the 78C (or 78MC) 
because I like it. It is a good, 
flexible chip that is pro¬ 
tected four ways from Sun¬ 
day, and it is cheap. 

The 78C will provide over 
one Amp of output, with the 
average beta of a 2N3055 at 
40 or so. The circuit should 
be good for 40 Amps. Actu- 



Fig. 2. Schematic (all transistors are 2N3055). 
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Photo C. 25-Amp supply on the breadboard. 


ally, above 25 Amps or so, 
the use of the Darlington cir¬ 
cuit is a good idea. When us¬ 
ing the 78MC, the Darling¬ 
ton circuit must be used. 
When using the Darlington 
circuit, the current demands 
are so small that the chip 
may need the slight load, 
RX. This value will depend 
on the individual chip and is 
usually 300 Ohms to Ik 
Ohms for a 13.5-V supply. 

R3, R4, and VR1 set the 
output voltage. R3 is used to 
set the maximum voltage 
and VR1 trims this to the de¬ 
sired lower output voltage. 
With R3 at 8.2k and VR1 at 
100k, this will be about 14 V 
maximum. The connection 
point for R3 should be at the 
output connector or, if re¬ 
mote sensing is needed, it 
can go to the remote sense 
point. The resistors shown in 
the base and emitter leads 
of the pass transistors are 


absolutely necessary. They 
prevent one transistor from 
hogging all the current. The 
base resistors are not partic¬ 
ularly critical as to value, 
and 10 to 22 Ohms will do 
fine (all the same value, of 
course). The emitter resistors 
should be about .1 Ohms 
and 5 to 10 Watts, depend¬ 
ing on supply voltage, cur¬ 
rent, and the number of pass 
transistors. 

The number of pass 
transistors required will de¬ 
pend on several factors, the 
most important being the 
desired output current of 
the supply. 

The 2N3055 is rated at 15 
Amps and 117 Watts (TO-3 
case) at 25° C. Expecting 
one to provide both at the 
same time is an invitation to 
disaster, especially with sur¬ 
plus components 

Let's take a realistic look 
at what the requirements 



Photo D. Heat-sink assembly for 20-Amp supply. 
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will be for this supply pro¬ 
viding 13.6 volts at the 
20-Amp level. The regulator 
will need approximately 6 
volts to work properly, so 
under a 20-Amp load it will 
have to dissipate about 120 
Watts. The capacitor multi¬ 
plier at 20 Amps will need 
about 5 or 6 volts, so we now 
have 240 Watts at full cur¬ 
rent This has to be dissi¬ 
pated as heat via the heat 
sink and is one good reason 
for derating the transistors. 
Derating surplus transistors 
to 8 Amps (or preferably 
less) and 50 or 60 Watts will 
make for a longer life and 
lessen the chance of cata¬ 
strophic failure. 

The output resistor, R5, 
provides a constant mini¬ 
mum load for the supply 
and helps with stability (100 
mA or so will be adequate — 
130 Ohms for the 13.6-volt 
supply). 

If you look at the circuit 
and remember your solid- 
state basics, it can easily be 
seen that we have an ampli¬ 
fier with quite a bit of gain. 
Certain steps must be taken 
to ensure stable operation 
and to prevent amplifica¬ 
tion of unwanted signals. As 
Elmer used to tell me, "Build 
it like you mean it." In this 
case it means bypassing 
everything, especially the 
78G All those G points on 
the schematic mean that all 
grounds are brought to a 
single point on the chassis. 
More about this during the 
mechanics discussion. The 
ac line should be filtered 
and bypassed, and the case 
should be rf tight, in this 


case to keep it out rather 
than in. Ferrite beads on the 
base leads of the Darlington 
driverfs) are not a frill if pow¬ 
ering VHF equipment is con¬ 
templated. 

The heat sink used is one 
that seems to be common 
on the surplus market The 
ones that I bought came 
with four TO-3 transistors 
and miscellaneous parts and 
cost about $3.00 each. The 
heatsink is 12" X 4" X 2.5" 
with 10 fins for a total radi¬ 
ating area of 600 square 
inches. All of the hot parts 
are mounted on the heat 
sink using aluminum stock, 
as shown in the photos. The 
bridge can be mounted on 
its own sink or on an exten¬ 
sion bolted to the pass sink. 
A muffin fan (105 cubic feet 
per minute) provides cool¬ 
ing, with cardboard shroud¬ 
ing to direct the air flow 
through the heat sink. The 
78G is mounted on the end 
of the heat sink farthest 
from the fan at the hottest 
point. If thermal limits are 
exceeded, it shuts down the 
pass transistors. Many home 
built supplies fail to take ad¬ 
vantage of this feature 
which is built into most reg¬ 
ulator chips. This is an 
oversight that can prove 
costly. 

Construction/Mechanics/ 
Testing Options 

This supply is a definite 
breadboard project and 
should be approached as 
such (by the way, sink cut¬ 
outs make fancy, cheap 
breadboards). I prefer TO-3 
devices, used with sockets. 



Fig. 3. 



Fig. 4. 






Whatever package style you 
use, special care should be 
taken in mounting. All burrs 
should be removed and the 
best-possible contact be¬ 
tween the device and the 
heat sink must be ensured. 
This means using heat-con¬ 
ducting compound on all 
devices. As you install each 
device, verify that there are 
no shorts to the heat sink. 
The precision emitter resis¬ 
tors that I used were ham- 
fest specials, but the ceram¬ 
ic ones available at most 
parts houses will serve as 
well Use #10 or #12 wire for 
the collector and emitter 
buses, I simply stripped out 
some scraps of Romex left 
over from rewiring the 
shack. The main run wiring 
used was #10 or #8 THHN 
wire scrounged from an 
electrical contractor's scrap 
box. 

The heat sink is at ground 
potential but is insulated 
from the case. Grounding is 
accomplished by running a 
single wire from the com¬ 
mon connection of the 78G 
(the 78G is not insulated 
from the sink) to the ground 
common point. All ground 
connections are brought to 
the common point, using 
heavy wire that is as short as 
possible. The lines from the 
capacitors, the rectifier, the 
negative output post and 
the ac-line ground conduc¬ 
tor are connected to this 
point This prevents ground 
loops and helps to keep the 
output clean. 

Cardboard shrouds are 
used to focus the air flow 
through the sink and pro¬ 
vide for efficient use of the 
cooling air The case should 
be well ventilated. Transmit¬ 
ter techniques can be used 
for rf proofing. All of the 
usual transformer tricks can 
be used for your supply: 
buck/boost, series, parallel, 
etc. I do have a couple of 
suggestions that might prove 
handy. 

First, there are available 
surplus small transformers 
that provide 2 volts or so at 
up to 30 Amps (Fair Radio is 
one source). These are great 
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when the "main" transform¬ 
er is just a bit low. 

Second, an often-over¬ 
looked source for high-cur¬ 
rent transformers is gas sta¬ 
tions. Really I Those old 
Tungar bulb chargers had 
some bodacious transform¬ 
ers in them with multi-tap 
primaries and secondaries. 
Many times they can be had 
for hauling them off. (Take 
help!) Newer ones also are 
available after the selenium 
bridges have blown. Those 


with aluminum secondaries 
will need some of the spe¬ 
cial grease for making good 
connections to aluminum 
wire. If you're using the sup¬ 
ply to power an SSB rig or 
for other low-duty-cycle ap¬ 
plications, you can push the 
transformer current ratings 
a bit but it is best to have a 
bit of reserve for good dy¬ 
namic performance. 

Protection circuitry is an 
absolute must for this sup¬ 
ply if used with voltage-sen¬ 


sitive equipment Any of the 
popular OVP circuits may 
be used; the one used here 
crowbars the ac line using a 
simple circuit that costs less 
than a single high-current 
thyristor. 

Current limiting is nice 
also; the circuit used here is 
a common one and per¬ 
forms quite well. Rsc is set 
for a 7-volt drop at the de¬ 
sired current level. At this 
point the voltage will drop 
to hold the output current at 
this level. Rsc can be built 
up by paralleling standard 
values. Rsc should be in the 
airstream to keep it cool. 
The choke and capacitor on 
the gate of the SCR keep 
garbage on the line from 
causing false firing. Switch¬ 
ing high-current loads can 
cause this type of transient 
(I blew a few fuses before I 
figured that one out.) 

This supply should be 
breadboarded and tested be¬ 
fore final construction. This 
is not a complicated pro¬ 
cess, and it will pay divi¬ 
dends when the supply is 
put to use. As with any home¬ 
brew project you are spend¬ 
ing time rather than money. 
This is time well spent. 

The first step is to assem¬ 
ble the heat sink with all its 
components. Then a simple 
test to determine the neces¬ 
sary I/O differential voltage 
is needed. With a sensitive 
DVM and a light load on the 
output vary the input voltage 
until the output drops an 
mV or so. This is the voltage 
which must be supplied to 
the pass circuit to maintain 
regulation. You now know 
the necessary voltage that 
the transformer must supply 
under full load for proper 
operation. 

To test the supply under 
load, you will need a load re¬ 
sistor (see photo). One is 
made by paralleling several 
short pieces of nichrome 
heating coil. (I got 10 feet for 
$3.00 at the local electrical- 
supply house.) By adding 
more pieces in parallel, the 
current increases. If you 
didn't build an ammeter into 
the supply, a 7-7/16" length 


Parts List 

Note: This supply was designed to take advantage of surplus parts. 
Therefore, the prices listed will be dependent on the source and 
availability of each item. 

All bypass capacitors are ceramic disc unless otherwise specified. 


All resistors are Vx Watt unless otherwise specified. 

Bypass—.01,1-kV disc, 4 @ .25 ea. $1.00 

Bypass—,1,200-Vdisc,2 @ ,25ea. .50 

K1—relay,24-V-dccoil,3PDT, all contacts in parallel 1.50 

Fan—105 cfm muff in-type fan 7.50 

Xfmr— any combination of transformers supplying the necessary 
voltage and current may be used. The surplus xfmr used In Fig. 2 was 
24 volts @ 25 Amps. 18.00 

D1-D4—100 V @ 50 A used In this supply, 4 @ $1.25ea. 5.00 

Cl -25,000 75 V 1.00 

Cs—4300 nF @ 50 V .39 

C3— 1 i»F @ 50 V tantalum capacitor .39 

C4—3 iiF ® 50 V tantalum capacitor .39 

Resistors: 

R1—350 Ohms, 20 W .39 

RC5—130Ohms,25W .39 

R2—330 Ohms, 1W .15 

R3—8200 Ohms, Vi W .05 

R4—4700 Ohms, Vx W .05 

R6-1000 Ohms, Vx W .05 

Base resistors—22 Ohms, Vx Watt, 6 @ .05 ea. .30 

Emitter resistors—.1 Ohms, 5 Watts, 6 @ .35 ea. 2.10 

VR1—100k-Ohm trimpot .49 

Rsc—current limit, see text 

Rsh and Real depend on meter used. For 50-uA meter used in Fig. 2, 
Rsh was .001 Ohms, and Real 2.5k-Ohm trimpot. 

Transistors—2N3055,8 @ .33 ea. 2.64 

SCR—200 V @5 Amps used here .29 

ZD1-24-V.1-Watt zener diode .24 

ZD2—value depends on OVP desired. (16 V used for 13.8-V 
supply) 2.64 

78G—Voltage regulator 2.95 

CHI—14 bifilar turns #14 wire on ferrite rod approx. Vi" diameter. 
4’/*" length 2.00 

CH2— surplus 15-mH choke .25 

SI—15-Amps® 120 V toggleswitch 1.49 

Fi -10-Amp fuse in clip-type holder. 1.25 

Heatsink—surplus 2V»” x 4” x 12” 4.50 

Meter—50 uA used in Fig. 2 supply, surplus 3.00 


Misc. case, hardware, aluminum stock, suitable wire (see text). The 
case shown in the photos is 5” x 12” x 15” and was purchased at a 
hamfest for $1.00. 

Substitution: Since this project is designed to use surplus com¬ 
ponents, reasonable substitutions are to be expected. When surplus 
components are used, derating should be the rule. C3 and C4 must 
be tantalum capacitors for proper operation. The resistors used at 
R1 and R5 should be capable of dissipating at least twice the I x E 
power for safety and stability. 




Photo E. Detailed view of 78C wiring (note short leads on 
bypass). 


of #12 wire will serve as a 
shunt, providing 1 mV per 
Amp. Using the setup shown 
in Fig. 4, look at the output 
under load. The setup pre¬ 
vents ac ground loops from 
showing up as false noise on 
the scope. If the scope is not 
more sensitive than .01 V 
per cm, the trace should 
barely widen under full 
load. Check at several out¬ 


put levels. If you have inor¬ 
dinate noise, make sure the 
setup is right before trouble¬ 
shooting. At the current-lim¬ 
it level, using the circuit 
shown, there will be a large 
increase in ripple—this is 
normal. If Rsc needs to be 
lowered, it can be paralleled 
with additional resistors. 

If the output behaves up 
to a certain current level 


and then falls off, more 
input voltage may be neces¬ 
sary. When testing the sup¬ 
ply on the breadboard with¬ 
out the fan, the heat sink 
gets hot quickly—caution! 
If it gets too hot, the 78G 
will shut down until things 
cool off. If you have high- 
frequency hash, it may be 
necessary to add .01 discs 
to the input and output of 
the 78G. In stubborn cases, 
you may have to change the 
layout around the 78G. If 
the supply is unstable at 
some current levels and 
stable at others [higher), you 
may have a ground-loop 
problem. Try changing the 
lengths of ground leads and 
if you're using the Darling¬ 
ton circuit for the regulator 
pass, try decreasing the 
value of RX. 

One of the supplies that I 
constructed is variable from 
5 to 20 volts (VR1 on the 
front panel and a switch to 
use all or part of the second¬ 
ary) at 20 Amps. It has prov¬ 
en to be one of the most 


often used bench tools I 
have. Another smaller [12 V 
at 15 A) supply provides the 
dc for a TV-studio installa¬ 
tion. This supply is, of 
course, a compromise; you 
pay back in lack of efficien¬ 
cy for a clean stable output 
"Build it like you mean it" 
and it should provide you 
with a long trouble-free per¬ 
formance—quietly ■ 
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# ' Full Featured - Miniature 
H/T Power to Go... 


FROM 



• 2 Watts in = 30 Watts out 

• Built-in Receive Preamp 

• All mode operation (FM, CW, or SSB) 

• Automatic Antenna Changeover 


• 2 Watts in = 20 Watts out 

• Built-in Receive Preamp 

• All mode operation (FM, CW, or SSB) 

• Automatic Antenna Changeover 


See the complete line of MIRAGE amplifiers P-O. Box 1000 

at your local dealer, or write to Everett Gracey. COMMUNICATIONS Morgan Hill, CA 95037 
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Penn Clower W1BC 
459 Lowell Street 
Andover MA 01810 


Penn's Two-Tone Gadget 

Clue one: We're talking about lab quality. 

Clue two: Get your junk box. 


H ere's a professional- 
quality two-tone test¬ 
er designed for easy dupli¬ 
cation. Using no precision 
parts and having only two 
easily set internal adjust¬ 
ments, it generates sine 
waves with less than 0.1% 
total harmonic distortion. 
This inexpensive project 
can be built with all new 
Radio Shack components 


for $30 to $40. The cost can 
be reduced significantly if 
you use a battery for power 
and your junk box for some 
of the parts. It's sure to be a 
valuable addition to your 
collection of test gear. 

If you've ever repaired or 
tested an SSB transmitter, 
then you've used or needed 
a two-tone test oscillator. A 
dependable source of high- 


quality sine waves, the os¬ 
cillator can be used for any 
number of transmitter tests. 
Typical applications in¬ 
clude checking circuit 
gains, peaking tuned stages, 
adjusting phasing exciters, 
checking or setting ALC 
thresholds, and measuring 
amplifier linearity. 

Unfortunately, many of 
the published two-tone cir¬ 
cuits are of limited use be¬ 
cause the output waveform 
is not pure enough for some 
tests. A good linear amplifi¬ 
er. for example, will have 
odd-order intermodulation 
products 35 to 40 dB down 
from the desired output. 
Obviously, the two tones 
used to measure such per¬ 
formance should be at least 
that good when they go in 
the microphone jack. Minus 
40 dB is only 1 % distortion 
though, and many testers 
are incapable of generating 
waveforms that pure. 

The published circuits 
which do provide sufficient 
audio purity often attain it 
through the use of sharp au¬ 
dio filters. Those filters re¬ 
quire either high-quality 
components or several cir¬ 
cuit trims to keep them on 


the right frequency. Preci¬ 
sion parts work fine but are 
difficult to find and expen¬ 
sive to buy. Lower-quality 
components need to be se¬ 
lected or trimmed and even 
then may drift enough to re¬ 
quire frequent readjust¬ 
ment. 

The oscillator described 
here has a number of fea¬ 
tures making it a better 
choice for the amateur test 
bench: 

• All distortion products 
are at least 60 dB (typically 
65 to 70 dB) below the pri¬ 
mary output. That's good 
enough for taking even a 
hard look at state-of-the-art 
equipment. 

• The unit can be duplicat¬ 
ed using everyday parts 
(5% resistors and 20% ca¬ 
pacitors) because purity has 
been achieved by careful 
oscillator design and not 
heavy filtering. 

• Unlike most commercial 
equipment, this unit is phys¬ 
ically small, rugged, and 
well shielded. When you 
need it, it works; when you 
don't, it isn't in the way. 

• The box plugs right into 
the transmitter microphone 
jack and includes a handy 
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Small enough to be out of the way, this neat unit is big on 
quality and convenience. 



switch for keying the trans¬ 
mitter. The adjustable (1 
vrms maximum) audio out¬ 
put is sufficient for driving 
rigs having either high or low 
impedance inputs. 

• Power drain is only 12 
mA at 9 volts, so you can 
run the unit from a single 
9-volt battery and not worry 
about limited battery life. 

The Circuit 

The two oscillators are 
designed around an LM324 
quad op amp as shown in 
Fig. 1. Each oscillator is fol¬ 
lowed by a simple peaked 
low-pass filter and the two 
signals are combined in the 
741 output amplifier. Switch¬ 
ing is provided for select¬ 
ing either or both tones and 
the output level is adjust¬ 
able over two ranges cov¬ 
ering 0 to .18 and 0 to 1 
volt rms. 

The identical oscillators 
are carefully considered 
versions of the classic Wien 
Bridge oscillator circuit (see 
the sidebar, "On the Trail of 
the Wien Bridge," else¬ 


where in this article). The 
sine waves produced by 
these oscillators have only 
about 0.5% distortion. The 
frequency of oscillation is 
determined by four compo¬ 
nents: the series capacitor 
and resistor between the 
op amp's output and its 
non-inverting input termi¬ 
nal, and the parallel capaci¬ 
tor and resistor between 
there and ground. The os¬ 
cillation frequencies with 
the components specified 
in Fig. 1 are 500 and 1750 
Hz (not the 440 and 1600 
Hz labeled on the photo¬ 
graphed unit). 

The remaining compo¬ 
nents in the oscillator circuit 
provide dc biasing and 
set the loop gain to unity. 
The trim resistor is used to 
adjust the small signal gain 
a little higher than required 
to sustain oscillation, and 
then the diodes and 470k re¬ 
sistor in the feedback path 
reduce the gain by 10% 
when the output signal 
grows larger than about 1 
volt peak to peak. Overall 



The 9-volt power supply takes up most of the room inside. 
Current drain is only 12.5 mA, so battery operation is an 
attractive space- and money-saving option. 



Fig 1. Two-tone oscillator schematic. Resistors are V* W, 5%. Letters shown where wires leave PC board fsee Fig 3). 
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Standing components on end lets everything fit on the 2" by 
2.7" PC board. More real estate might be necessary if you 
build with perf or prototyping board. 


distortion is low because 
even this relatively minor 
gain reduction is applied 
gently as the diodes turn on. 

The distortion introduced 
by this type of gain con¬ 
trol is mostly at the third 
harmonic of the oscillation 


frequency. An additional 
5-dB reduction of that com¬ 
ponent is realized by driv¬ 
ing the diodes and 470k re¬ 
sistor from a point after the 
feedback capacitor instead 
of directly from the amplifi¬ 
er output as is usually the 



Fig. 2. PC pattern of audio circuits from the copper side of 
the board. This pattern can be used as an etching/drilling 
guide as explained in the text. 
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case. Even with this change, 
the third harmonic signal is 
still some 10 dB higher than 
the second harmonic. In a 
sense, this is desirable 
because the third-harmonic 
energy, being farther from 
the fundamental frequency, 
is easier to filter off. 

The oscillator outputs 
are dc-biased to half the 
supply voltage by a simple 
resistive voltage divider. 
That step maximizes the 
output ac level possible 
before the amplifiers satu¬ 
rate. Each section of the 
quad amplifier is also dc- 
loaded with a 15k resistor. 
The load resistor prevents 
crossover distortion by 
forcing the rather simple 
LM324 output circuit to op¬ 
erate strictly as a class-A 
amplifier. 

One design goal for this 
project was to have all un¬ 
desired frequency compo¬ 
nents at least 60 dB below 
the primary outputs. To 
achieve this, the oscillators 
are followed by low-pass 
active filters. Since the 
oscillator outputs are so 
clean, this goal can be 
reached with only a small 
amount of filtering. That's 
significant because it 
means the filter stages 
don't have to be held to 
tight frequency tolerance 
and so won't require preci¬ 
sion parts. The filters have a 


gain of one at dc and a peak 
ac gain of 2.25. 

The dc gain causes the 
filter output to copy the os¬ 
cillator biasing at half the 
supply voltage. The ac gain 
ensures that with overdrive 
the filter output will begin 
clipping before the oscilla¬ 
tor output does. If the oscil¬ 
lator could somehow satu¬ 
rate first, it might be possi¬ 
ble for the (Disadjustment 
to go unnoticed because 
the filter would tend to hide 
the evidence Another ben¬ 
efit of having gain in the fil¬ 
ter stage is that the oscilla¬ 
tor output level can be low¬ 
ered. That reduces distortion 
because the feedback diodes 
don't get turned on as fully 
as they would at the higher 
signal level. 

The outputs of the two 
low-pass filters are com¬ 
bined in a 741 amplifier 
which in turn is ac-coupled 
to the output attenuator. 
The 741 does not need the 
15k load resistor because 
its sophisticated output cir¬ 
cuit doesn't have the distor¬ 
tion problems of the sim¬ 
pler LM324. 

After passing through the 
output-level control, the 
audio leaves the box in a 
shielded cable it shares 
with the push-to-talk line. 
The microphone plug on 
the end of this short cable 
should match the transmit- 






-.005- , 
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-.022" 741 


Fig. 3. Component placement (from the top side of the 
board). 



ON THE TRAIL OF THE WIEN BRIDGE 
Selecting a Good Oscillator 

There’s certainly no shortage of published audio-oscillator 
circuits, but finding the right one for this two-tone tester 
wasn't easy. The requirements (low distortion, simplicity, low 
power consumption, and reliability) seem common enough, 
but the circuits usually recommended for the task all had 
flaws rarely mentioned in the literature. Mostly those flaws in¬ 
volved the means chosen to control the oscillator gain. 

An oscillator is really an amplifier around which has been 
placed some frequency-sensitive positive feedback. The 
combination of amplifier gain and feedback attenuation is 
called loop gain, and at the frequency of oscillation, the loop 
gain is exactly one and has exactly zero phase shift. That's 
another way of saying that the signal presented to the input of 
the amplifier is precisely the one needed to produce an output 
which will come back through the feedback network to repro¬ 
duce itself. The phase shift across the feedback circuit is 
frequency-sensitive, so any departure from zero loop phase 
can be corrected by a change in the oscillation frequency. Un¬ 
fortunately, any departure from the desired amplifier gain is a 
little harder to accommodate. 

Since real-world components are imperfect, we can’t sim¬ 
ply specify parts that give the magical gain of one, but we can 
design in circuit features which will automatically adjust the 
gain for us. The easiest thing to employ is the most widely 
used: saturation. Saturation, or peak clipping, is what hap¬ 
pens when an amplifier is asked to produce more output than 
it possibly can. Gain is defined as the ratio of output to input, 
and as saturation occurs, the effective gain must drop since 
the output amplitude remains nearly constant while the input 
drive increases. Saturation clearly introduces distortion and 
most simple sine-wave oscillators have distortion in the 
5-to-15% range because they depend on saturation effects to 
maintain the loop gain at unity. 

Modern laboratory oscillators usually achieve low distor¬ 
tion by using sophisticated age circuits to regulate gain. Early 
equipment did the same thing by the clever use of a nonlinear 
component: the tungsten filament of a common panel lamp. 
The resistance of the bulb filament goes up as the average 
current through the lamp increases, and very good gain con¬ 
trol can be had by the proper application of that effect. The 
classic lamp-stabilized Wien Bridge oscillator is a very 
elegant circuit capable of producing extremely pure sine 
waves. It was devised in the 1930s, in part by a young engineer 
named William Hewlett who later formed a company with his 
friend David Packard to manufacture the oscillator. 

The modem version of that circuit, shown in Fig. A, is repro¬ 
duced in almost every text discussing audio oscillators. The 
light bulb is driven with a signal proportional to the 
oscillator's output. The filament resistance averages that out¬ 
put over several tenths of a second and so controls the oscil¬ 
lator gain to exactly one. Oscillator distortion may be as low 
as .01%. 

Unfortunately, the thermal properties of the lamp filament 
introduce a tendency for the output amplitude to ring at a fre¬ 
quency near 10 Hz. This secondary oscillation can be started 
by the slightest circuit disturbance and may take 10 or 15 


seconds to decay away. The commonly available lamps used 
in this circuit also require more drive voltage than a 9-volt bat¬ 
tery provides. Moreover, the circuit needs 15 to 20 mA of sup¬ 
ply current per oscillator and that seems excessive for a bat¬ 
tery-powered unit which doesn’t really have to deliver any out¬ 
put power. Together, these several considerations make the 
circuit of Fig. A undesirable for this project despite its excel¬ 
lent output waveform. 

The next commonly recommended circuit, shown In Fig. B, 
is usually offered as a modern replacement for the classic 
arrangement because it uses a JFET as the variable resistor 
instead of a light bulb. Unfortunately, a JFET does not make a 
good resistor since its resistance varies with the drain-to- 
source voltage as well as the gate-to-source bias. That means 
the resistance will be changing during each oscillation cycle, 
and the changing gain that causes leads to problems. Distor¬ 
tion was a terrible 5 to 10% with the several circuits I tried. 
The variations published most often were the poorest per¬ 
formers because the zener diodes in the output-level detector 
guaranteed the FET would be operated outside its linear 
range! 

The circuit type finally selected is shown in Fig. C. Diodes 
are used in the feedback path to switch In a resistor and lower 
the gain as the output amplitude Increases. This scheme will 
introduce some distortion because the amplifier gain is 
changing during every oscillation cycle. Only a slight gain 
change is needed, however, and the overall distortion at the 
oscillator output can be kept well below 1 %. The final circuit 
design was optimized for the 1C used and generates a sine 
wave having only 0.5% distortion. As a bonus, the unwanted 
energy is primarily in the third harmonic where it is relatively 
easy to filter out. 



Fig, C. 


ter's input jack. The stereo 
phone plug shown in the 
photographs fits many old¬ 
er pieces of gear (standard 
wiring; PTT line to tip, 
audio to ring, ground to 
sleeve), but newer equip¬ 
ment may require a differ¬ 
ent type of connector. 
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The two-section frequen¬ 
cy-select switch turns the 
oscillators on and off and 
also introduces a gain of Vi 
between the active filters 
and output amplifier during 
two-tone operation This at¬ 
tenuator prevents the peak 
audio output from doubling 


when both oscillators are 
on. That convenient feature 
makes it unnecessary to ad¬ 
just the transmitter drive 
level when switching be¬ 
tween single- and two-tone 
tests. 

The power supply is a 
simple rectifier-filter fol¬ 


lowed by an LM723 regula¬ 
tor set to hold the output at 
9 volts. Any dc output volt¬ 
age from 8 to 20 will power 
the oscillator; the 9-volt 
level was chosen to make 
sure the circuit would work 
with a battery supply. Two 
LEDs are used as front 






My PC pattern was painted on using nail polish as resist 
material. While not as pretty as the photographic copy you 
can make from Fig. 2, it works just as well. 


panel status indicators. 
One comes on with the dc 
power and the other lights 
when the PTT switch is in 
the transmit position. Wired 
in series to conserve cur¬ 
rent, the LEDs at 10 mA still 
draw 4 times the current 
needed by the rest of the 
circuit! 

There are several reasons 
to consider using a battery 
instead of the ac supply. 
The transformer supply is 
convenient but bulky. My 
supply takes up more room 


than the rest of the circuit 
even though the transform¬ 
er is smaller than any avail¬ 
able from Radio Shack. Us¬ 
ing the smaller 9-volt radio 
battery will definitely 
widen the choice of enclo¬ 
sures suitable for housing 
the tester. The battery will 
last a long time since the 
circuit only draws about 
12.5 mA. If you do decide to 
build in an ac supply, try to 
get a shielded transformer 
like the one in the 
photographs. Failing that. 



Proof of the pudding! The two-tone output as seen on an HP 
3582A spectrum analyzer. Horizontal scale reaches from dc 
to 5 kHz, and at 10 dB per vertical division, the largest spurs 
are 70 dB below the tone peaks. The "signal" at dc is gener¬ 
ated inside the analyzer. 
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be sure to mount the 
transformer further from 
the audio circuits than I did 
to keep 60-Hz hum off the 
audio signal. 

Another alternative is to 
build the ac supply with a 
surplus wall-mount trans¬ 
former of the type used to 
power calculators. Even a 
3- or 6-volt transformer 
could be used with a volt- 
age-multiplying rectifier cir¬ 
cuit. The LM723 regulator 
will work with any dc input 
between 12 and 40 volts, so 
a suitable transformer 
shouldn't be hard to find. 

Parts 

The audio circuits and PC 
board were carefully de¬ 
signed to use component 
values available from Ra¬ 
dio Shack. Of course, a con¬ 
siderable savings can be re¬ 
alized by scrounging parts 
from old transistor radios. 
The capacitors in particular 
should be easy to locate. 
The four electrolytics on 
the PC board are quite com¬ 
mon values but could be 
replaced with units having 
from 1 to 4 times the capac¬ 
itance. The smaller capaci¬ 
tors used in the oscillators 
and filters must be the 
values specified but are still 
easy to find on old circuit 
boards. If you have a 
choice, stay away from or¬ 
dinary ceramic capacitors 
since they're often not as 
stable as other types. The 
circuits are relatively insen¬ 
sitive to drift and the 
ceramic parts will work ac¬ 
ceptably. but they should 
not be your first pick if 
something else is available. 

The two trim resistors 
should probably be pur¬ 
chased since physical sizes 
vary widely and the PC 
layout is tailored to the 
Radio Shack parts. While 
not strictly necessary, the 
use of 1C sockets is recom¬ 
mended as they greatly 
simplify amplifier replace¬ 
ment should the need arise. 
The switches can be of any 
size and type which fit the 
box used for the project. 


Construction 

The entire oscillator/am¬ 
plifier portion of this proj¬ 
ect is built on the single 2" 
by 2.7" circuit board shown 
in the photographs and Fig. 
2. The printed circuit makes 
it easy to pack a lot of com¬ 
ponents neatly into that 
small space. Point-to-point 
wiring on a slightly larger 
piece of prototype perf- 
board will work just as well 
if you're so inclined. 

My power supply was 
built on another bit of PC 
board. That board also pro¬ 
vides mounting space for 
the two indicator LEDs and 
the push-to-talk switch. The 
power supply has so few 
components that designing 
your own layout shouldn't 
be a problem I haven't in¬ 
cluded the pattern for my 
board since you surely 
won't have the same size 
transformer or project case 
that I used. 

The cabinet itself is the 
steel transformer housing 
from a discarded high-in¬ 
tensity lamp. Recycling old 
enclosures from unusual 
sources adds an extra bit of 
fun to home-brew projects 
and can provide some real¬ 
ly custom-looking results as 
well. In this case, the old 
scratched-up paint was re¬ 
moved and replaced with a 
fresh coat of black wrinkle 
which was in turn over¬ 
sprayed with light blue. Leg¬ 
end plates of a contrasting 
color add to the nice ap¬ 
pearance, provide a flat sur¬ 
face for the transfer letter¬ 
ing, and also cover up the 
original holes. 

If you want to use a com¬ 
mercially available box. Ra¬ 
dio Shack sells several that 
are suitable. The choice is 
particularly wide if a bat¬ 
tery is used instead of the 
larger ac-operated supply 
Be careful not to buy a plas¬ 
tic box as the lack of rf 
shielding is an invitation to 
trouble. 

The printed circuit board 
is a lot easier to make than 
you might think. If you have 
access to photographic 







equipment, you can turn 
out a really professional 
board using the pattern of 
Fig. 2. Otherwise you can 
do what I did and get per¬ 
fectly acceptable results 
using fingernail polish as 
resist material. 

The pattern in Fig. 2 is 
full size and the holes are 
all on 0.1-inch centers. Drill¬ 
ing the holes is easy using a 
piece of 0.1-inch-spaced 
perfboard as a template. 
Cut out the pattern (or a 
Xerox® copy of it) and care¬ 
fully glue it onto a piece of 
perfboard so the holes in 
the PC pattern align with 
those in the board. 

Now cut out an unetched 
blank of PC board and 
clamp the drilling template 
to the copper side. Drill the 
four mounting holes first I 
used a #33 drill for 4-40 
screw clearance; a #28 drill 
is the one to use for 6-28 
hardware if you prefer that 
size. Loosen the clamps and 
bolt the boards together us¬ 
ing those four holes. 

Now you're all set to drill 
the 122 component holes. A 
#60 drill is necessary for this 
and a drill press helps a 
great deal. The holes in the 
perfboard force you to drill 
in the right place; when the 
boards are unbolted, there'll 
be an impressively neat ar¬ 
ray of properly-spaced holes. 
Sand the copper lightly to 
remove any rough edges 
and you're all set to apply 
the resist pattern. 

The pattern of printed cir¬ 
cuit runs is simply painted 
onto the copper surface 
with nail polish using Fig. 2 
and the drilled holes in the 
board as a guide. Choose a 
bright red color so the resist 
will be easy to see against 
the copper surface. Apply¬ 
ing the nail polish with the 
brush attached to the lid of 
the jar is easier once about 
2/3 of the bristles have been 
trimmed away with a sharp 
pair of scissors. Small mis¬ 
takes with the polish can be 
scraped off with a pointed 
knife blade. Really big 
mistakes can be corrected 


by cleaning off the entire 
board with nail-polish re¬ 
mover or a solvent like ace¬ 
tone. Acetone is serious 
stuff, so use good ventila¬ 
tion, avoid excess skin con¬ 
tact, and don't work near 
open flames! 

After the resist is applied, 
the board can be processed 
using any of the standard 
techniques described in the 
ARRL Handbook and else¬ 
where. Check your work for 
stray resist material joining 
runs before dropping it into 
the bath. When it's done, 
wash the board with water 
and examine it for any 


traces of unetched copper 
before removing the resist. 
As a final step after clean¬ 
ing off the nail polish, run 
over the board with fine 
sandpaper or a pencil eras¬ 
er to brighten up the copper 
in preparation for soldering. 

Mounting the compo¬ 
nents takes just a few min¬ 
utes once the PC board is 
ready. The holes for the two 
trimpots will have to be 
drilled out slightly to re¬ 
ceive the mounting pins, 
and that should be done be¬ 
fore anything is soldered 
down. Placement of the 
various parts is shown in 


Fig. 3 and the photographs, 
but if there is any question, 
the PC patterns can always 
be checked against the 
schematic. 

The PC pattern in Fig. 2 
does not exactly match the 
board in the photographs. 
In my unit, the 100-Ohm re¬ 
sistor in series with the 741 
output is mounted on the 
output-level switch. With¬ 
out that resistor, the 741 
oscillates at 2 MHz when 
the controls are set for max¬ 
imum output. That happens 
because the ,005-uF bypass 
capacitor is then effec¬ 
tively connected directly 
across the op-amp output 
and it loads the output 
stage at high frequencies. 
The problem wasn't noted 
until after my board was 
etched, but the resistor cure 
is included in the Fig. 2 
layout. 

Checkout 

The board should be 
checked before final as¬ 
sembly into the cabinet 
Temporarily solder on the 
switches with short lengths 
of wire and connect a scope 
or ac voltmeter to the out¬ 
put terminal. Hook a 9-volt 
supply to the power-input 
pad and ground and verify 
that the circuit draws about 
2.5 mA. Now set the output 
attenuator to the high range 
(22k resistor shorted), flip 
the mode switch to the 
500-Hz position, and adjust 
RT1 until the output level is 
exactly 1 volt rms (2.8 volts 
p-p on the scope). Then 
switch the mode switch to 
the 1750 position and ad¬ 
just RT2 to give the same 
reading. When both tones 
are on, the output will read 
0.7 rms, but the peak-to- 
peak level will still be 2.8 
volts. 

If the circuit doesn't 
work straight away, check 
the mode-switch wiring and 
the amplifier dc output lev¬ 
els. It's unlikely that you 
made a major PC board er¬ 
ror, but solder splashes or 
stray whiskers of unetched 
copper are always a possi- 
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! Parts List 


‘Items so marked are used in the power supply and may be 

deleted if power is obtained from a 9-V battery. Suitable com- 

ponents are available from Radio Shack and elsewhere. Sev- 

eral parts are identified with Radio Shack part numbers to bet- 

ter describe the components needed. 


Resistors 


Value # Needed 

* 33 Ohms 

1 

100 Ohms 

2 

270 Ohms 

3 

‘ 1.8k 

1 

‘ 6.8k 

1 

15k 

9 

22k 

5 

33k 

5 

47k 

2 

470k 

2 

10k trimpot 

2 RS #217-335 

5k pot + switch 

1 RS #271-214 

Capacitors 


‘ 100 pF 

1 

.001 uF 

1 

.005 uF 

4 

.01 uF 

2 

.022 uF 

2 

.1 uF 

1 

2.2 uF, 16 V 

3 

33 uF. 16 V 

1 

‘ 220 uF, 35 V 

1 

Semiconductors 


* LM723 voltage regulator 


LM324 quad op amp 


741 op amp 


* 100 PIV, 1 Amp or more bridge rectifier RS #276-1171 j 

LEDs (2 required) 


1N914 small signal diodes (4 required) 

Miscellaneous 


‘ Power transformer 


DPDT (center-off) toggle switch RS #275-1545 1 

SPST switch 


1C sockets 


PC or prototype board 


Cabinet 


Mike plug 


* Line cord 





bility. Several strategic 
voltage levels are shown on 
the schematic for help in 
troubleshooting The ac 
levels will change with trim- 
pot settings and in any case 
must be measured with an 
ac-coupled voltmeter The 
ac-voltage ranges of most 
VOMs will respond to ei¬ 
ther ac or dc voltages. That 
problem is easily cured by 
placing a 2-to-30-uF capaci¬ 
tor in series with the meter. 
The dc voltages noticed 
should be independent of 
switch or trimpot settings, 
as the dc bias on the ampli¬ 
fiers is determined only by 
the power-supply level. 

Putting It All Together 

One disadvantage of 
working with high-purity 
signals is that they are so 
easily corrupted by poor as¬ 
sembly practices. Hum lev¬ 
els unobjectionable in oth¬ 
er applications can signifi¬ 
cantly compromise the 
quality so carefully designed 
into this circuit. Because of 


that, there are several 
things to watch out for 
when the board is mounted 
into its metal enclosure. 
The power transformer, es¬ 
pecially if it doesn't come 
completely encased in a 
metal shield, will be sur¬ 
rounded by 60-Hz magnetic 
fields. Keep it as far as 
possible—preferably 2 or 3 
inches—from the oscillator 
circuit board Arrange things 
so the various control leads 
leaving the board are short, 
direct, and away from the 
transformer and ac wiring. 

One particular problem 
is hum coupled from the ac 
switch leads running to the 
back of the output poten¬ 
tiometer. Use relatively 
small wires for this purpose, 
tightly twisted to provide 
a measure of magnetic 
shielding. Notice in the pho¬ 
tograph that those wires ap¬ 
proach the potentiometer 
from the back while the au¬ 
dio connects to the front. 
The ac leads are also dressed 
perpendicularly to the cir¬ 


cuit board instead of run¬ 
ning alongside it. 

Despite these precau¬ 
tions, the wires in my unit 
couple a small 60-Hz signal 
into the channel occupying 
one side of the circuit 
board. The hum is 70 dB 
below the oscillator tone 
and could probably be re¬ 
duced further by electrical¬ 
ly shielding the wires with 
some braid taken from a 
short length of RG-58 I 
didn't bother because the 
hum is no larger than some 
of the other spurious signals 
and few sideband rigs will 
respond to inputs at 60-Hz 
in any case. I had the means 
to measure that hum, how¬ 
ever, and you may not, so 
take some extra care when 
positioning things in your 
box. 

The metal case is con¬ 
nected to the circuit ground 
at only a single point: the 
hole where the shielded 
microphone cable leaves 
the box. This single-point 
grounding eliminates some 


potential sources of noise 
by separating signal cur¬ 
rents from whatever noise 
currents might be flowing in 
the shield wall. 

Test equipment is often 
seen as a corner that's all 
too easy to cut. Perhaps 
infrequently used, often 
expensive, usually bulky, 
it's just easier to put up with 
antiquated gear or do with¬ 
out altogether The older 
equipment, while better 
than nothing, is often 
basically unsuited to an 
amateur's needs. You'll find 
this two-tone tester, even if 
you only use it once or 
twice a year, a convenient 
gadget well worth having. 
Small and inexpensive, yet 
reliable and easy to use, it's 
a good solution to several 
transmitter testing prob¬ 
lems. The high-quality out¬ 
put also will put an end to 
any nagging concerns 
about the purity of the 
audio you've been getting 
from that old patched-up 
kit oscillator!! 


here is the next generation Repeater 

MARK 4CR 


In 1978 we created the first micro¬ 
processor based repeater and here is its 
successor the incomparable MARK4CR. 
Of course it has autodial and tail mes¬ 
sages, after all, we invented those 
features. Sure it has autopatch, reverse 
patch and built-in ID. But hold on - it 
also has Message Master™ real speech 
and receiver voting. Its all new receiver 
puts 7 large helical resonators up front 
for extremely high dynamic range. Yes, 
MARK 4CR is the next generation! 


Unlimited vocabulary speech messages in your own voi 
Hundreds of tone access functions, many with time-of-day setting 
All vital parameters can be set remotely by tone access 
Two phone lines and dozens of input/output control lines 
4 channel receiver voting plus full linking capability 
Bus structured design for easy hardware/software expansion 
"Overload proof" receiver with 7 large helical resonators 
Our famous MCS squelch, often called the best in the business, is 
now even better with automatic fast/slow switching 




MICRO CONTROL SPECIALTIES 
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Yaesu, lcom Graft Revealed 

Splice /corn's headset to Yaesu's talkie 
and discover handie happiness. 


O ne of I corn's accesso¬ 
ries for their VHF han¬ 
die-talkies is the HS-10 head¬ 
set and its accompanying 
HS-10SB switch box. Priced 
at just under $40.00, this 
headset with its attached 
boom mike is perfect for 
mobile use with a handie- 
talkie. Instead of holding 
the heavy transceiver up to 
your mouth to talk and up 
to your ear to hear, you sim¬ 
ply slip the headset over 
your head and ham it up 
in comfort. The HS-10SB 
switch box is a necessary 
companion to the headset 
since it contains a small 
mike preamplifier (which 
boosts the audio so you 
don't have to talk directly 
into the boom mike) and a 
push-to-talk (PTT) switch 
which has both momentary- 
on and locked-on positions. 


As soon as I saw this 
handy device, I decided that 
I had to make it work with 
my Yaesu FT-208R transceiv¬ 
er This article describes the 
modifications needed to 
make it work. 

The modifications consist 
of two parts: Cut off the 
lcom mike connector and 
substitute a Yaesu connec¬ 
tor, and make a few minor 
changes to the HS-10SB 
switch box. 

Fig. 1 shows the diagram 
of the original switch box. 
The mike signal is applied to 
a 2k volume control, and its 
output is then amplified by 
a one-transistor amplifier. 
The output is then sent 
through the PTT switch, to 
the transceiver through the 
white wire in the coiled 
cord. The white wire actual¬ 
ly serves three purposes: 


(1) It carries amplified 
mike audio to the trans¬ 
ceiver. 

(2) It provides several 
volts of dc to the mike am¬ 
plifier when the PTT switch 
is closed. This voltage pro¬ 
vides the Vcc (collector sup¬ 
ply voltage), base bias, and 
also a bias to the electret 
mike itself (through the 2k 
volume control). 

(3) It also keys the trans¬ 
ceiver when the PTT switch 
is closed. 

Speaker output coming in 
on the red wire is sent to the 
earphone in the headset 
through a 33-Ohm resistor to 
slightly reduce the volume 
level. In addition, a 10-Ohm 
resistor provides the load for 
the transceiver's audio am¬ 
plifier. 

Finally, ground is con¬ 
nected through the shield in 


the coiled cable as well as 
through the blue wire. 

The PTT circuit in the 
lcom combines mike audio, 
PTT, and Vcc voltage on one 
wire. The transceiver's bat¬ 
tery connects to the white 
wire through a resistor 
When the PTT switch is 
closed, the transceiver de¬ 
tects the slight voltage drop 
across that resistor and keys 
the transmitter. At the same 
time, this resistor also sup¬ 
plies the required voltage 
for the amplifier and elec- 
tret mike. 

The mike interface in the 
Yaesu FT-208R is completely 
different It uses a six-pin 
mike connector which pro¬ 
vides separate pins for audio 
in, PTT, and Vcc for a mike 
amplifier or for mike bias 
An advantage of this 
scheme is that the Yaesu dis- 



show components to be removed or rewired—see text 
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Fig. 2. Modified lcom switch box for use with Yaesu f T-208R. 
Asterisks show new or rewired components. 




ables the built-in mike on 
the handie-talkie when the 
remote-mike PTT switch is 
closed In addition, the 
speaker output from the 
Yaesu radio carries a dc volt¬ 
age, which requires a slight¬ 
ly different earphone circuit 
as well. 

Fig. 2 shows the modified 
circuit of the switch box (as¬ 
terisks in Figs 1 and 2 identi¬ 
fy those components which 
have to be changed or add¬ 
ed) 

In Fig. 2, a 1-uF capacitor 
is used to isolate the ampli¬ 
fier output from the white 
wire This prevents dc volt¬ 
age from being fed back 
into the transceiver's mike 
circuit. Likewise, a 20-uF ca¬ 
pacitor couples speaker 
audio from the transceiver 
to the earphone and pre¬ 
vents dc from getting to the 
earphone. Both capacitors 
are electrolytics or tan¬ 
talums, and polarity must be 
as shown in the diagram. 

A 4.7k, 1/4-Watt resistor is 


added to provide the re¬ 
quired dc voltage for the 
amplifier and mike circuit 
Although the Yaesu has a 
separate dc output on its 
connector, that output can¬ 
not be used because it 
would require one more 
wire in the coiled cable. 
Since the cable only has 
three leads plus a shield. I 
chose to get the dc voltage 
from the speaker output. 

Finally, the PTT switch is 
wired directly between the 
PTT pin and ground. 

All of the added compo¬ 
nents and wires fit neatly in¬ 
to the HS40SB switch box as 
long as you use very small 
capacitors and are careful 
about component place¬ 
ment. There are several ob¬ 
structions in the case, and 
you may have to bend the 
leads in several places to al¬ 
low the case to close As 
shown in Fig. 2, the original 
Icom cable is also used, al¬ 
though the blue wire has to 
be unsoldered from the 


ground connection and re¬ 
used for its new purpose. 

On the transceiver end, 
you will have to cut off the 
original Icom connector and 
substitute the required 
Yaesu connector. I obtained 
mine by calling Yaesu (see 
their ad in this issue). Al¬ 
though the connector is tiny 
and requires care in solder¬ 
ing, it was not particularly 
difficult. It has six pins, 
though only pins 1 through 4 
are actually used in this 
modification. Fig. 3 shows 
the pin layout of that con¬ 
nector on the FT-208R, but 
note—it is possible that the 
orientation of the connector 
on your rig may be different 
from that on mine. Use an 
ohmmeter to identify pin 4. 
the ground pin, before you 
start to work. 

I took one shortcut in this 
design that you should be 
aware of. In the original 
Icom design, power i$ ap¬ 
plied to the microphone cir¬ 
cuit only when the PTT 



Fig 3. Yaesu microphone con¬ 
nector pin layout. 


switch is closed during trans¬ 
mitting, whereas my circuit 
applies power during receiv¬ 
ing as well. This introduces 
an extra battery load of 
slightly over 1 milliampere. I 
decided that this was not im¬ 
portant and let it go. But if 
you feel strongly enough 
about it, there is a way out. 
The PTT switch in the switch 
box is a DPDT switch, with 
the two sections paralleled. 
By disconnecting one sec¬ 
tion of the switch and plac¬ 
ing it in series with the new 
4.7k resistor, you can ensure 
that the mike amplifier is 
powered only when the PTT 
switch is pressed. ■ 
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Stare-Way to Heaven 

At the Arecibo observatory, the sky's the limit. 
Who said size doesn't matter? 


T he Arecibo observatory 
on Puerto Rico holds 
several records in the field 
of radio. Its antenna, with a 
diameter of 1000 feet, is the 
largest antenna in the world. 
The 450-kW output of the 
S-band (2.400 MHz) trans¬ 
mitter together with the gain 
of the antenna, which at this 
frequency is estimated to be 
72 dB, make the signals from 
Arecibo the strongest sig¬ 


nals to leave Earth. Al¬ 
though higher resolution 
can be achieved by other ra¬ 
dio telescopes by coupling 
two or more of these togeth¬ 
er, the Arecibo observatory 
still has the highest sensitivi¬ 
ty to weak signals from 
space. 

The observatory is lo¬ 
cated about 6 miles from 
the port city of Arecibo, 
near the north coast of Puer¬ 


to Rico. The landscape 
around the observatory is 
very beautiful and scenic, 
consisting mainly of lime¬ 
stone hills and valleys cov¬ 
ered with lush tropical vege¬ 
tation 

The 1000-foot reflecting 
antenna makes the Arecibo 
observatory a very conspic¬ 
uous landmark when seen 
from the air. The reflecting 
dish was constructed in a 


natural limestone sinkhole, 
the shape of which was such 
that only small excavations 
were necessary to make 
room for the huge reflector, 
The surrounding limestone 
hills are helpful in shielding 
the observatory from man¬ 
made radio noise. The iso¬ 
lated location of the facility 
adds to this protection. 

The reflector at the Areci¬ 
bo observatory is mounted 
firmly in the ground, in con¬ 
trast to other radio tele¬ 
scopes which search the sky 
by moving the entire anten¬ 
na dish. Radio telescopes 
are usually constructed with 
a parabolic reflecting dish, 
but in order to be able to 
search the sky without mov¬ 
ing the entire reflecting dish, 
a different shape had to be 
chosen for the Arecibo re¬ 
flector It has, therefore, 
been shaped like a section 
of a perfect sphere. With 
this construction, the obser¬ 
vatory can be steered by 
moving secondary antennas 
which are receiving the sig¬ 
nals that are being reflected 
from the dish. These secon¬ 
dary antennas are mounted 
on a triangular platform 
about 450 feet above the 
reflecting dish. The platform 
is suspended by steel cables 
from three towers that have 
been built around the edge 
of the reflector. 



The 1000-foot reflecting dish at Arecibo was built in a natural limestone sinkhole. 
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Radio telescopes with 
parabolic reflectors have a 
point-like focus. The sec¬ 
ondary antenna or feedhorn 
which receives the signals 
from parabolic reflectors 
has to be mounted at the fo¬ 
cal point in front of the dish. 
But the focus of the Arecibo 
observatory, with its spheri¬ 
cal reflector, is along a line 
above the reflecting dish. 
The secondary antennas, 
therefore, have to be sus¬ 
pended above the reflector 
and must be able to pick up 
signals along that line. 

The position of the plat¬ 
form and the secondary an¬ 
tennas must remain very sta¬ 
ble, even in strong winds. 
The necessary stability has 
been accomplished through 
a great deal of sophisticated 
engineering. The platform is 
triangular, and its weight is 
600 tons. A circular track, 
130 feet in diameter, has 
been mounted under the 
platform. The feed arm is a 
structure which can rotate 
under these tracks. The 
feed-arm structure itself has 
a pair of tracks on its under¬ 
side. These tracks are 
curved, so that all points 
along these tracks are an 
equal distance from the re¬ 
flecting dish underneath. 
The secondary antennas are 
mounted on two carriages 
which can move along the 
tracks under the feed-arm 
structure. These two car¬ 
riages will normally be posi¬ 
tioned in such a way that 
they counterbalance each 
other. 

The antenna dish consists 
of almost 39,000 aluminum 


panels. These panels are per¬ 
forated so that about 44 per¬ 
cent of the sunlight can 
reach the ground under¬ 
neath the dish. The sunlight 
which passes through the 
dish allows vegetation to 
grow underneath. Without 
this vegetation, rainfalls 
would cause severe erosion 
of the landscape under¬ 
neath the platform. 

A square of laser-reflect¬ 
ing material has been 
mounted on each aluminum 
panel. A laser system can 
check the shape of the re¬ 
flecting dish by bouncing 
light off each of these 
squares. A computer is then 
able to calculate the posi¬ 
tion of each panel to within 
1/8 of an inch. The position 
of each panel can be accu¬ 
rately adjusted from under¬ 
neath, and this is done 
whenever a sufficiently 
large deviation from the 
ideal shape of the dish has 
been detected. 

A laser system is also used 
to maintain the position of 
the platform within very nar¬ 
row tolerances. A laser re¬ 
flector is mounted at each 
of the three comers of the 
platform. Whenever a com¬ 
puter detects a significant 
change in the position of the 
platform through this sys¬ 
tem, it can regulate the ten¬ 
sion on tie-down wires that 
are connected to each cor¬ 
ner of the platform. By con¬ 
trolling the tension of these 
wires, any change in the po¬ 
sition of the platform can be 
neutralized. 

The radio telescope re- 
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The aluminum panels are perforated so that much of the sun¬ 
light can pass through. Vegetation can therefore grow under 
the reflecting dish, preventing erosion of the landscape. 


ceivers are mounted inside 
the carriages that suspend 
the secondary antennas. All 
electronic components gen¬ 
erate small amounts of elec¬ 
trical noise which is propor¬ 
tional to the temperature of 
the components. If the re¬ 
ceivers were to work at 
room temperature, the inter¬ 
nal noise would be stronger 
than most of the weak sig¬ 
nals which the observatory 
is receiving from space. For 
this reason, the front end of 


the receivers is cooled by a 
refrigeration system using 
liquid helium. The boiling 
point of liquid helium is 4.2° 
Kelvin, and at this tempera¬ 
ture the receivers are capa¬ 
ble of detecting extremely 
weak signals from space. 

The transmitters at the 
Arecibo observatory are be¬ 
ing used for ionospheric re¬ 
search and radar studies of 
the solar system. These trans¬ 
mitters also are mounted in 
the carriages in order to 



Printout of the signal from the very fast pulsar, 4C21.53, as 
this was detected at the Arecibo observatory on November 
14, 1982. This pulsar rotates 642 times each second and trans¬ 
mits one of the larger and one of the smaller pulses during 
each rotation. 


Workmen on the reflecting dish are using shoes which dis¬ 
tribute their weight over a large area, like snowshoes. Walk¬ 
ing on the reflecting dish is now being avoided, and almost 
all adjustments and repairs are being done from the under¬ 
side. 
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The platform structure weighs GOO tons. Most of the antennas 
which receive the signals that are reflected from the reflect¬ 
ing dish are mounted on two carriages which can move along 
the curved track on the underside of the platform. 


minimize losses in the trans¬ 
mission line. If coaxial trans¬ 
mission lines were to be used 
to carry the output from 
transmitters on the ground 
to the platform, the losses 
would be substantial at the 
high frequencies that are be¬ 
ing used. 

The power supply is often 
the heaviest part of a radio 
transmitter. Therefore, the 
power supplies for the trans¬ 
mitters are mounted in 
buildings at the edge of the 
reflector. Thick dc cables 
carry the voltages from 
these power supplies to the 
transmitters under the plat¬ 
form. When the radar trans¬ 


mitters are being used, a 
great deal of waste heat 
must be dissipated from the 
transmitting tubes. In order 
to cool these effectively, 
water circulates through 
them. Water hoses connect 
the transmitters with the wa¬ 
ter supply on the ground. 

The observatory has been 
built so that a single observ¬ 
er can control the entire fa¬ 
cility. The observer can steer 
the carriages under the plat¬ 
form with extreme accuracy 
from computers in the con¬ 
trol room. These can there¬ 
fore counter the rotation of 
Earth with a very high de¬ 
gree of exactness. 



All signals that are re¬ 
ceived at the Arecibo obser¬ 
vatory are processed by 
computers in the control 
building. The frequency of 
the received signals can be 
determined to a fraction of 
a cycle even at microwave 
frequencies. Doppler shifts 
and emission lines in the sig¬ 
nals from space can thus be 
determined. The time of arri¬ 
val at the antenna for re¬ 
ceived radio signals can also 
be measured with an ex¬ 
treme accuracy. 

The Arecibo observatory 
can at any time study a cir¬ 
cular area of the sky about 
40 degrees in diameter. This 
area is centered at local ze¬ 
nith. Due to the rotation of 
Earth, about 39 percent of 
the sky is available for obser¬ 
vation from the Arecibo ob¬ 
servatory Unlike optical ob¬ 
servatories, radio telescopes 
can observe the sky in day¬ 
light and during cloudy con¬ 
ditions. Only during strong 
electrical storms may a radio 
telescope be unable to ob¬ 
serve. 

Radar astronomy has re¬ 
cently contributed much to 
our knowledge of objects in 
the solar system. This tech¬ 
nique detects the reflection 
of man-made signals from 
objects in space. The Areci¬ 
bo observatory is our most 
sensitive radar-astronomy 
instrument. Through radar 
observations from Arecibo, 
the rotation period of Venus 
was determined for the first 
time. It also was determined 
that Venus rotates in the op¬ 
posite direction of other 
planets. Radar maps of 
Venus have been produced 
through radar observations 
from Arecibo. Radar obser¬ 
vations have also been 
made of the rings of Saturn, 
the asteroid belt, and the 
planet Mars. 

In mankind's first deliber¬ 
ate attempt to announce it¬ 
self to other civilizations, 
the enormous output power 
of the Arecibo radar trans¬ 
mitter at 2.400 MHz was 
used. A message was 
beamed to several segments 


of the sky in 1974. The mes¬ 
sage was coded in a binary 
code and contained infor¬ 
mation about mankind, 
Earth, and the solar system. 

The first quasar was dis¬ 
covered by the Arecibo ob¬ 
servatory in 1964. These re¬ 
markable objects, which are 
believed to be located at the 
center of extremely distant 
galaxies, emit enormous 
amounts of radio waves and 
other types of electromag¬ 
netic waves. 

Pulsars are objects that 
emit radio waves that turn 
on and off rapidly. These are 
believed to be rapidly-rotat¬ 
ing neutron stars that emit 
radio waves from the mag¬ 
netic poles. Each time a ro¬ 
tating magnetic pole sweeps 
past Earth, another pulse 
can be detected at Arecibo. 
Although the first pulsar was 
found by an English radio 
telescope, many of the nu¬ 
merous pulsars that since 
have been detected were 
found first by the Arecibo 
observatory. 

Galaxies are not distrib¬ 
uted evenly throughout the 
universe but seem to be con¬ 
centrated in clusters, super¬ 
clusters, and huge filaments 
in space. In between there 
are huge voids with few or 
no galaxies. The Arecibo ob¬ 
servatory has devoted much 
of its observing time to the 
mapping of galaxies and 
systems of galaxies. 

The Arecibo observatory, 
together with other radio 
observatories, has been able 
to identify a number of mol¬ 
ecules in the space between 
stars in the Milky Way. 
Clouds of interstellar mole¬ 
cules are believed to play an 
important role in the birth of 
new stars. Much of the ob¬ 
serving time at the Arecibo 
observatory is therefore also 
being devoted to the map¬ 
ping of molecular clouds in 
space. 

The US Congress has de¬ 
cided recently to fund a pro¬ 
gram which will search for 
radio signals from other civi¬ 
lizations in our galaxy. This 
program, which is being 





tected by the Arecibo observatory in November, 1980. This is 
the first detection of the nucleus of a comet. The strength of 
the received echo indicates that the nucleus has a diameter 
of about 2 miles. The rotation and speed of the nucleus can 
be determined from the Doppler shifts in the echo. 


managed by the National 
Aeronautics and Space Ad¬ 
ministration, will cost two 
million dollars each year. A 
number of radio telescopes 
will be used in this program, 
including the Arecibo obser¬ 
vatory. In the next few years, 
between five and ten per¬ 
cent of the observing time at 
Arecibo will be used in the 
search of signals from other 
civilizations. 

During their journey out 
into space, the two Voyager 
space probes are making 
continuous observations of 
cosmic rays, magnetic 
fields, and the solar wind. As 
the most sensitive radio-re¬ 
ceiving instrument on Earth, 
the Arecibo observatory will 
be able to receive signals 
from these space probes 
long after they have become 
too faint for other radio tele¬ 
scopes. If no malfunction 
occurs in the radio transmit¬ 
ters aboard these space 
probes, their signals should 
be detectable at the Arecibo 


observatory for at least 30 
more years. 

The Arecibo observatory, 
which was completed in 
1963, is being operated by 
the National Astronomy and 
Ionosphere Center at Cor¬ 


nell University. About 100 
persons are employed at the 
observatory in Arecibo, and 
another 40 persons are 
working at Cornell Universi¬ 
ty's Astronomy Center in 
Ithaca, New York. Observ¬ 


ing time at the observatory 
is available to astronomers 
from all countries. 

The Arecibo observatory 
is being improved constant¬ 
ly as new equipment and 
technologies become avail¬ 
able. The observatory has 
contributed much to our 
knowledge and understand¬ 
ing of the universe during 
the past 20 years It is likely 
that the Arecibo telescope 
will remain one of mankind's 
most sensitive and versatile 
astronomical observatories 
for many years to corne l 
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Arlington VA 22204 


Counter-Productive Basics: 
Part I 

Digital needn't be difficult Let K4IPVguide you 
through the fundamentals of frequency counting. 


D igital frequency count¬ 
ers have long been a 
favorite means of measuring 
the frequency of operation 
of radio transmitters, but un¬ 
til recently their cost has 
been prohibitive for ama¬ 
teurs. Until about a decade 
ago, only the wealthiest 
shops and laboratories could 
afford a counter. Most com¬ 
mercial service shops of 
that era used heterodyne 
frequency meters, not count¬ 
ers. 

In the early seventies, 
however, costs started fall¬ 
ing The 5-kilobuck 500- 
MHz counter dropped in 
cost to about 2 kilobucks. 
During that same period, the 


first amateur-grade counters 
were on the market Heath- 
kit™ offered their IB-101. 
That counter sold for around 
$200 in kit form and operat¬ 
ed to 15 MHz (my sample 
actually worked well to 23 
MHz). Today, amateur-grade 
counters can be bought for 
less than $100 and operate 
to frequencies up near 600 
MHz. 

The photographs show 
three different models 
which represent the types 
used by amateurs. The 
Heath IM-2410 (Photo A) op¬ 
erates on frequencies up to 
225 MHz. This is a basic 
counter with the minimum 
features needed The Heath 


IM-2400 shown in Photo B is 
also a basic counter but is 
hand-held and portable. The 
IM-4110 shown in Photo C is 
more than a basic counter; it 
contains a number of inter¬ 
esting features. It is a fre¬ 
quency counter (to 110 
MHz) and also will measure 
events and period. The peri¬ 
od-measurement function al¬ 
so measures period average, 
which is the period measured 
over 10 seconds. 

The advances in digital 
electronics over the past 
decade coupled with rapid¬ 
ly falling 1C prices have 
made amateur use of count¬ 
ers possible. Even though 
counters are low cost now, 
they are not foolproof. 
There are problems in oper¬ 
ation that cause erroneous 
readings—or no readings at 
all. 

In this part of my two-part 
series, I will discuss the ba¬ 
sic theory behind digital 
counters. In part II, I will dis¬ 
cuss some of the nuances 
of digital frequency-counter 
(DFC) operation. 

Digital Counter Basics 

A single article cannot 


fully discuss enough digital 
electronics unless a few as¬ 
sumptions are made. For 
those who want more de¬ 
tailed treatment, I recom¬ 
mend my digital electronic 
series in 73 for September 
through November, 1982. In 
this article, I will reiterate 
only a small amount of the 
digital-basics series. 

A flip-flop (F-F) is essential¬ 
ly a 1-bit memory element. 
There are several different 
types of flip-flops, but the 
type which concerns us here 
is the J-K flip-flop shown in 
Fig. 1(a). There are two com¬ 
plementary outputs on the 
F-F, labelled Q and Q (i.e., 
"not-Q"). Since these out¬ 
puts are complementary, 
one will be HIGH when the 
other is LOW; these outputs 
will never be at the same 
level. 

There are five inputs on 
the j-K F-F. These inputs are: 
), K, clock, set, and clear. 
The J and K inputs are es¬ 
sentially control inputs; their 
use will be explained short¬ 
ly The clock input synchro¬ 
nizes the F-F operation and 
usually has a square wave 
applied The set input is 



Photo A. The Heathkit IM-2410 portable frequency counter. 
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Fig. 1(c). Truth table for the clocked mode of operation. 


used to force the F-F to the 
state where Q = HIGFI and 
(J = LOW. Clear is just the 
opposite; it forces the out¬ 
puts to the state where Q = 
LOW and Q=HICH. The 
usual circuit symbol is that 
of Fig. 1(a). This example, in¬ 
cidentally, uses active-LOW 
set and clear inputs, which is 
the usual case in TTL de¬ 
vices We do, however, 
sometimes see active-HIGH 
inputs. 

Fig. 1(b) shows the truth 
table for the unclocked (or 
direct mode) operation In 
this mode, the |-K F-F 
doesn't care what the sig¬ 
nals at the clock or J-K in¬ 
puts are doing. Only the set 
and clear inputs are used. 
Since our example uses ac- 
tive-LOW inputs, the state in 
which both set and clear are 
LOW is disallowed. In that 
case, the poor flip-flop 
won't know what to do. If 
the set is made LOW, the Q 
output goes HIGH and not- 
Q goes LOW. If set is HIGH, 
and clear is LOW, we see ex¬ 
actly the opposite situation: 
Q is LOW and not-Q is 
HIGH. If both set and clear 
are HICH, then the F-F will 
be in the clocked mode of 
operation. 

The truth table for clocked 
operation of the )-K flip-flop 
is shown in Fig. 1(c). The 
clock synchronizes the oper¬ 
ation of the J-K F-F; all ac¬ 
tion takes place on the nega¬ 
tive-going (i.e., HIGH-to- 
LOW) transition of the clock 
signal. In all cases of 
clocked operation, the set 
and clear inputs must re¬ 
main HIGH. The program¬ 
ming of the F-F takes place 
on the J and K inputs. 

If both J and K are LOW, 
then there will be no change 
on the Q and not-Q outputs 
regardless of clock-input 



1 



Fig. 1(a). A l-K flip-flop. 

transitions. In this condition, 
the J-K F-F is locked. 

If Jis LOW and K is HICH, 
the Q output will be LOW 
and not-Q is HICH. Action 
takes place on the negative 
transition of the clock line. 

If J is HICH and K is LOW, 
then the Q goes HICH and 
not-Q is LOW, As in the pre¬ 
vious case, the transition oc¬ 
curs on the negative transi¬ 
tion of the clock line. 

If both J and K are HIGH, 
then the outputs will go to 
the opposite state. If, for ex¬ 
ample, Q = HICH, then on 
the negative transition of 
the clock line the Q output 
will go LOW. Similarly, if Q 
had been LOW, the clock 
transition would have made 
it go HIGH. This is the condi¬ 
tion used in digital-counter 
circuits and results in binary 
frequency division. 

Fig. 2(a) shows a two-stage 
binary divider based on J-K 
flip-flops, while Fig. 2(b) 
shows the timing wave¬ 
forms. Note that on both 
flip-flops the J and K inputs 
are tied HIGH. The outputs 
are Q of F-F 1 (i.e., Q1), and 
Q of F-F 2 (i.e., Q2). The in¬ 
put signal is applied to the 
clock of F-F 1, while the 
clock of F-F 2 uses the Q1 
signal as its input. 

In the timing diagram, the 
negative-going transitions 
are labelled T1, T2, T3, and 
T4. At time T1, the input sig¬ 
nal makes a negative transi¬ 
tion, so Q1 snaps HICH; Q2 
remains LOW. The Q1 out¬ 



put remains HIGH until the 
next negative-going transi¬ 
tion of the input signal, at 
time T2. At this time, the 
clock input of F-F 2 sees Q1 
drop LOW, so it will cause 
Q2 to snap HIGH. At time 
T3, another input negative¬ 
going transition occurs, so 
Q1 goes HIGH again; it will 
remain HIGH until the next 
negative-going transition at 
time T4. At T4, both the 
clock inputs of F-F 1 and F-F 
2 see negative-going transi¬ 
tions, so both Q1 and Q2 go 
LOW 

Note what has happened 
in Figs. 2(a) and 2(b). There 
are four input pulses, yet Q1 
produced only two output 
pulses; F-F 1 acted as a bina¬ 
ry divider (i.e., divide-by-2). 
Similarly, the input of F-F 2 
sees the two pulses at Q1 
and produces one output 
pulse; F-F 2 also acted as a 
binary divider. Thus, the out¬ 
put of F-F 2 is one-fourth the 


input frequency. In a cas¬ 
cade chain of J-K F-Fs the 
binary division will be 1 (i.e., 
the input frequency), 2, 4. 8, 
16, 32. and so forth. 

A decade counter is a 
divide-by-10 (i.e., base-10) 
counter. Such a counter cir¬ 
cuit is needed in decimal¬ 
counting systems used in 
our digital frequency count¬ 
ers. Unfortunately, there is 
no 10 in the 2, 4, 8, 16 se¬ 
quence of a four-stage bina¬ 
ry counter. We can, how¬ 
ever, make a decade count¬ 
er from a four-stage binary 
(i.e., base-16) counter by 
causing it to reset to 0000 af¬ 
ter the tenth input pulse. 
Such a circuit is shown in 
Fig. 3(a), while its timing is 
shown in Fig. 3(b). 

The decade counter is a 
base-16 binary counter mod¬ 
ified by the addition of a 
NAND gate (G1). The timing 
diagram shows the circuit 
action. The output of G1 is 
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Fig. 2(b). Timing waveforms for Fig. 2(a). 
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Fig 2(a). Two-stage binary divider based on l-K flip-flops. 
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Fig 3(a). Four-stage binary-counter circuit. 





Fig. 3(b). Timing waveforms for Fig. 3(a). 


connected to a common 
clear line When this line 
drops LOW, the outputs of 
the counter go to 0000 2 . The 
inputs of G1 are connected 
to the B (i.e., Q2) and D (i.e., 
Q4) flip-flop outputs If B 
and D go HIGH simultane¬ 
ously, then the output of G1 
goes LOW and all four flip- 
flops will be reset. The only 
time these conditions are 
met is at T5—see Fig. 3(b). 



Photo B. The Heathkit IM- 
2400 hand-held frequency 
counter. 
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Following T5, the counter is 
0000 2 and begins all over 
again. 

The A, B, C, and D out¬ 
puts form a four-bit binary- 
coded decimal (BCD) “word" 
that denotes the ten digits of 
the decimal numbers sys¬ 
tem. This code results in ten 
unique binary codes. These 
BCD codes are shown below: 
D C B A Decimal 

0 0 0 0 0 

0 0 0 1 1 

0 0 10 2 

0 0 11 3 

0 10 0 4 

0 10 1 5 

0 110 6 

0 111 7 

1 0 0 0 8 

10 0 1 9 


There are a number of 1C 
digital counters on the mar¬ 
ket. One of the oldest is the 
7490 TTL device. The 7490 is 
a biquinary counter, i.e., it 
contains one divide-by-2 
counter stage and one di- 
vide-by-5 counter stage. 
When the output of the bi¬ 
nary stage is connected to 
the input of the quinary 
stage (i.e., pins 1 and 12 are 
shorted together), the 7490 
becomes the decade count¬ 
er of Fig. 3(a). 

Most modem frequency 
counters made today do not 
use the 7490 but rather will 


use MSI or LSI multi-stage 
counters. We will, however, 
use the old-fashioned 7490 
device here to illustrate a 
principle that would be lost 
in the maze of an MSI de¬ 
vice. Fig. 4 shows a decimal 
counting unit (DCU) based 
on the 7490 and certain 
companion chips, the 7475 
quad-latch, and 7447 BCD- 
to-seven-segment decoder. 

A DCU will count by tens 
and produce a decimal out¬ 
put. In the case of Fig. 4, the 
display device is the familiar 
seven-segment LED decimal 
display. This form of display 
uses seven lighted bars (des¬ 
ignated a, b, c, d, e, f, and g) 
to represent the ten digits of 
the decimal system. 

The 7447 receives a BCD 
4-bit word at its inputs and 
causes the appropriate out¬ 
puts (a-g) to drop LOW 
When an output is LOW, the 
corresponding segments of 
the display turn on. Besides 
the BCD inputs, there are al¬ 
so a test input, a ripple 
blanking input (RBI), and 
a ripple blanking output 
(RBO). 

The test input is some¬ 
times called LT, for "lamp 
test." When the test input is 
brought LOW, all 7447 out¬ 
puts go LOW. This situation 
forces the seven-segment 
display to show an 8. This in¬ 
put allows us to test the dis¬ 
play decoder device. 

The RBI and RBO termi¬ 
nals are for ripple blanking, 
i.e., the suppression of lead¬ 
ing zeros. Let's consider a 



Fig 4. A decimal counting unit. 









Photo C. The Heathkit IM-4110 frequency counter. 



Fig. 5(a). Frequency-counter block diagram. 
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Fig 5(b). Waveform for Fig 5(a). 


situation Suppose our eight- 
decade counter measures a 
frequency of 21390 kHz. 
Without ripple blanking, 
the reading would be 
'00021390" If we provide 
blanking, however, we can 
turn off those leading zeros 
and display 21390. If a LOW 
is placed on RBI, the display 
will turn off if the applied 
BCD word is 0000 2 . The RBO 
output goes LOW if the BCD 
input is 0000 2 . Thus, by 
daisy-chaining the RBO out¬ 
puts to the next least-signifi¬ 
cant RBI inputs, the leading 
zeros are suppressed. 

The 7475 is quad-latch, 
i.e., a four-bit memory. In¬ 
side the 7475 are four type-D 
flip-flops. These F-Fs are ar¬ 
ranged in two groups of two 
each. Each group of two has 
a common clock line. In Fig. 
4, the clock lines are tied to¬ 
gether to form a common 
strobe line. When this line is 
made HIGH, the BCD word 
at the 7475 inputs is trans¬ 
ferred to the outputs. Thus, 
we can use the strobe line to 
update the display only af¬ 
ter the decade counter has 
finished counting. 

A decimal counting as¬ 
sembly (DCA) is made by 
cascading two or more 


DCUs. The D output of less 
significant DCUs is con¬ 
nected to the input terminal 
of the next significant DCU. 
We require one DCU in the 
DCA for each decimal digit 
of the DCA, 

Frequency Counters 

A digital frequency count¬ 
er measures events per unit 
of time (EPUT) to form a DFC; 
we arrange a DCA so that in¬ 
put pulses are counted for a 
specific period of time (e g., 
1 second, or subdivision 
thereof). 

Fig. 5(a) shows the basic 
block diagram for a frequen¬ 
cy counter The sections in¬ 
clude the DCA, main gate, 
trigger, input amplifier, main- 
gate flip-flop, timebase, and 
a display clock. 

The DCA is a totalizer 
counter as shown in Fig. 4 
The overflow stage is a flip- 
flop that is SET when the 
MSD carry output goes 
HIGH. The overflow flip- 
flop turns on a lamp to 
make the operator aware of 
the overflow condition so 
that the data can be disre¬ 
garded. 

Since a frequency count¬ 
er measures events per unit 
of time, i.e., cycles per sec¬ 


ond, the DCA must be turned 
on only for a given period of 
time (e.g., 0.1. 1, or 10 sec¬ 
onds). The main gate, main- 
gate flip-flop, and timebase 
sections are used to allow 
input pulses into the DCA 
for the designated period of 
time. 

The timebase section con¬ 
sists of a crystal oscillator 
that produces pulses at a 
precise rate such as 100 
kHz, 1 MHz, 4 MHz, etc. A 
chain of decade dividers 
such as the 7490 is used to 
reduce the crystal-oscillator 
frequency to a lower frequen¬ 
cy. The timebase-output fre¬ 


quency will be 10 Hz for 
01-second, 1 Hz for 1-sec¬ 
ond, and 0.1 Hz for 10-sec¬ 
ond measuring periods. 

The timing diagram for 
one complete interval of an 
EPUT counter is shown in 
Fig. 5(b). Pulses tl, t2, and t3 
are output from the time- 
base section. When tl goes 
HIGH, the control-logic sec¬ 
tion generates a short pulse 
to reset the DCA to zero. 
When tl goes LOW again, 
the Q output of the J-K main- 
gate flip-flop will go HIGH. 
The main (AND) gate has 
one input tied to the Q out¬ 
put of the flop-flop, and the 
other input is tied to the 
signal being counted. As a 
result, the main gate passes 
input pulses to the DCA only 
when the Q terminal of the 
flip-flop is high 

The flip-flop remains set 
until the negative of t2 oc¬ 
curs At that time, the Q out¬ 
put of the flip-flop drops 
LOW, turning off the flow of 
pulses into the DCA, and 
causes the control-logic sec- 
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Fig. 6. Period-counter block diagram. 
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tion to generate a strobe 
pulse. This pulse tells the 
DCU latches to transfer 
data from the counter to 
the decoders. The display, 
then, shows only completed 
count cycles and will hold 
the previous count until the 
end of the next interval. (The 
trigger and input amplifier 
circuits will be discussed in 
part II of this article.) 

The frequency counter of 
Fig. 5(a) counts frequency, 
i.e., events per unit of time, 
because the DCA is enabled 
only for a specific unit of 
time. The frequency of the 
input signal is the number of 
counts accumulated on the 
DCA divided by the time- 
base period in seconds. The 
basic formula, with P=time 
in seconds and f = frequen- 
cy in Hertz, is f = counts on 
DCA/P. Therefore, P = DCA 
count/f. For example, if the 
DCA count is 8026 and the 
timebase frequency is 10 
kHz, then P = 8026/10 4 = 
0 8026 seconds. 


The resolution is the small¬ 
est time interval that can be 
measured on the counter 
and is defined as the recipro¬ 
cal of the timebase frequen¬ 
cy. In this example, it would 
be 1.HO 4 = 0.1 ms 

Period Counters 

Period is the reciprocal of 
the frequency being mea¬ 
sured: P = 1/f^ z . We can 
use the digital counter to 
measure period by reversing 
the roles of the timebase 
and input amplifier trigger. 
In Fig. 6 we see the block 
diagram of a period counter; 
compare with Fig. 5(a). Note 
that the main-gate flip-flop 
is turned on and off by the 
output of the input-signal 
trigger. The DCA is actually 
counting the number of 
timebase pulses between 
successive input pulses. 

In part II, I will discuss 
DFC applications and some 
of the problems that arise 
in less-than-ideal practical 
situations.! 
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Messing with Heath 

This 101 control mod proves fun and easy with frequency. 
Your rig deserves it. 


A remote vfo is useful for 
a lot more than just 
chasing DX. You can search 
for a clear frequency (and 
sometimes find one) without 
giving up the original, or 
stay with a net while moving 
off frequency to pick up 
side traffic and intercept 
QRM. In a contest, you 
might leave the main vfo on 
a pileup and tune the re¬ 


mote down the band for a 
few points. By switching 
back and forth, you can 
keep track of the pileup 
without sacrificing other 
contacts. 

A second vfo will also 
serve as an RIT if your rig 
doesn't have one and could 
even be set up to monitor 
two frequencies at once. Of 



Photo A. A duplication of the HW-IOVs internal vfo is in¬ 
stalled in a recycled Heath VF-1 cabinet. The original vfo in 
this 25-year-old box could drift through most of a band in one 
evening. Perfect for gradual QSY in a contest. 
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course, when you aren't do¬ 
ing any of these, you can use 
it to work DX stations on 
split frequencies. 

Even though Heath didn't 
offer a matching remote for 
the HW-101, it's neither ex¬ 
pensive nor difficult to add 
this versatile accessory to 
your HF lineup. The HW-101 
will work with a variety of 
vfo circuits, and interfacing 
one to your rig is a simple 
procedure. 


Suitable Donors 

The search for a compati¬ 
ble unit is made easier by re¬ 
alizing that several Heath 
products were designed 
around the same vfo param¬ 
eters. This means that an 
LMO (linear master oscilla¬ 
tor) taken from a worn-out 
SB-101 transceiver or SB-400 
transmitter, for example, 
will perform as well as a vfo 
retrieved from a junked 
HW-100 or HW-101 





Old, abused, and just 
plain broken • Heathkit/HF 
products are often available 
at bargain prices. Aside from 
providing the vfo you want, 
these castoffs will give up a 
wealth of good reusable 
parts and a cabinet for your 
next project. 

If you don't turn one up 
that way, consider building 
a clone of the HW-101's in¬ 
ternal vfo. Obtain the enclo¬ 
sure, variable capacitor, and 
other critical components 
from Heath. The tube and 
hardware are commonly 
available. You might devise 
your own dial assembly, or 
buy those parts from Heath, 
too Consult the owner's 
manual for Heath part num¬ 
bers. 

Duplicating the internal 
vfo costs more than building 
a generic 5-MHz circuit, but 
it does have the advantage 
of guaranteed compatibili¬ 
ty. Also, having step-by-step 
instructions in the manual 
eliminates all the guesswork 
and simplifies alignment. 

A Heath SB-640, although 
rare, is a prize find. This is a 
remote LMO once sold as a 
companion to the SB-101, 
but it makes an excellent re¬ 
mote for the HW-101. Lo¬ 
cating one of these also 
saves the trouble of install¬ 
ing an unattached vfo into a 
new cabinet. 

If you're willing to experi¬ 
ment, you might find a us¬ 
able vfo in a discarded piece 
of non-Heath equipment. 
Any "backwards-tuning" 5.5- 
5,0-MHz unit capable of 
1.5 volts rms across 50 
Ohms should have poten¬ 
tial. 

Finally, some commer¬ 
cially-made auxiliary vfo's 
are compatible with the 
HW-101. Buy-and-try is the 
method here, but the Ken¬ 
wood 520 and 820 products 
should be safe bets. For the 
dedicated build-it-yourself- 
er, some other sources are 
mentioned later. The instal¬ 
lation/interface tips de¬ 
scribed in this article are 
generally applicable to al¬ 


most any combination you 
decide to try. 

The Basic Remote 

Fig. 1 shows the setup 
used with a duplicate 
HW-101 vfo, whether sal¬ 
vaged or built from scratch. 
This arrangement also cov¬ 
ers home-built or other tube- 
type vfo's requiring 150 
volts. A small 12-volt-dc sup¬ 
ply is built into the trans¬ 
ceiver to power the new 
relay, K1, and an RIT relay (if 
used) in the new vfo. This dc 
source is usable with other 
modifications, too. Spare 
contacts on the antenna re¬ 
lay provide 12 V dc at sepa¬ 
rate points in both receive 
and transmit modes. Through 
switch SI, this control 
voltage determines when re¬ 
lay K1 is activated, placing 
the outboard vfo into oper¬ 
ation. 

The relay can be mounted 
in any convenient location; I 
attached it with an L-bracket 
to the rf cage. The rectangu¬ 
lar cutout in the rear panel is 
an almost perfect fit for a 
nine-pin molex®-type fe¬ 
male connector (Radio Shack 
#274-239). Either a new 
phono socket or the spare 
on the rear apron becomes 
the "vfo in" connector. 

As indicated in Fig. 1, 
some minor rewiring of the 
regulated 150-V-dc line and 
vfo input is needed. This is 
done to route them through 


the new relay instead of di¬ 
rect «to the internal vfo. 
These changes are straight¬ 
forward and easily reversi¬ 
ble. 

Fig. 1 also shows the con¬ 
trol switch and "on-site" wir¬ 
ing of the remote unit. With 
SI in its first position, the 
main vfo is always used In 
the next position, control is 
split with the main unit re¬ 
ceiving and the remote 
transmitting. The third posi¬ 
tion is just the opposite, and 
the fourth position puts the 
remote unit in complete 
transceiving control. Diodes 
D1 and D2 are "one-way 
signs" They prevent the 
control voltage from run¬ 
ning backwards down the 
wrong line when the switch 
is set for remote transceive 
For example, the RIT relay 
would be useless without 
D1. 


The Better Remote 

Aside from the benefits of 
dual-frequency control, an 
LMO offers dial accuracy 
approaching the level of dig¬ 
ital readout. The circular 
dial reads 0-100 kHz rather 
than 0-500 and rotates five 
times per band segment in¬ 
stead of once The 1-kHz 
markings can be visually in¬ 
terpolated to 200 Hz. 

Another advantage is that 
warm-up drift is almost elim¬ 
inated The LMOs stabilize 
much faster than the origi¬ 
nal vfo and the solid-state 
version operates at room 
temperature in its own cabi¬ 
net This limits warm-up 
drift to the hfo circuit in the 
transceiver, which is mini¬ 
mal. With all this in mind, 
you may find yourself using 
the remote LMO most of the 
time. It's worth a little effort 
to find one 



Fig 1. Relay and 9-pin socket connections inside the HW-101. The 12-volt supply can be built 

on a terminal strip. Also shown is the remote-unit wiring. PI is at the end of a 7-wire cable and 
mates with II on the transceiver rear panel. 
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Depending on how old it is, 
an LMO-equipped Heathkit 
will contain either a tube-type 
or solid-state unit. The older 
ones (and the SB-640 remote) 
require 150 V dc and should 
be set up the same way as the 
vfo in Fig. 1. 

The later LMOs do with¬ 
out the tube and operate on 
+10 V dc regulated. Fig. 2 
shows the changes in the in¬ 
terfacing arrangement and a 
power supply for the LMO. 
You could get by with a ten- 
volt zener on the relay sup¬ 
ply, but the circuit shown is 
sturdier, safer, and more reli¬ 
able. Be sure to adjust the 
regulator for ten volts out¬ 
put before connecting it to 
the LMO. The Fig. 2 method 
is readily adaptable to other 
solid-state remote units re¬ 
quiring 9 to 13 volts. 

You may want RIT in the 
remote, especially if you 
plan to use it very often for 
transceiver control. Any cir¬ 
cuit that works in the HW- 
101 's internal vfo should be 
usable. The RIT is connect¬ 
ed to the stator (stationary) 
plates of the main tuning 
capacitor, which in the 
Heath LMO is impossible to 
reach. Look for a tinned bar 



Photo C. Close-up of the HW-101 showing suggested loca¬ 
tions for relay Kl, the 9-pin socket, and remote-input phono 
socket 


Even without this modifica¬ 
tion, some of the more bat¬ 
tered LMOs I've used re¬ 
quired touching up. These 
units came from the factory 
pre-assembled, aligned, and 
sealed. No information was 
given on the circuit or its ad¬ 
justment, so I tried and 
erred until the secret was re¬ 
vealed. 

Calibration is done from 
the front of the enclosure 
with insulated tools. At 0.0 


one turn of the shaft changes 
the frequency exactly 100 
kHz. Take some time doing 
this, and you'll end up with 
an exceptionally accurate 
and linear readout. 

The Over-Achiover's Remote 
Occasionally the need 
may arise to monitor two 
frequencies at once. This 
usually means trying to im¬ 
press a visitor with your sta¬ 
tion's versatility, but there 


with several components 
soldered to it, just below the 
air variable, and make the 
connection there. 

Once RIT is installed, the 
LMO will need realignment. 


(shaft fully counterclock¬ 
wise, then up 10 kHz), set 
the coil for 5.5 MHz. Go 
clockwise five turns and set 
the trimmer for 5.0 MHz. 
Repeat this procedure until 


are more legitimate uses. If 
you've always envied the 
guys who call CQ DX and 
casually add, "Listening on 
this frequency and 7090 
kHz," then this extra step is 
for you. 


relay (K2) is drawn in squares 
to distinguish it from control 
relay Kl. Whichever vfo is 
not being used will be turned 
on and connected to the 
mixer inputs by closing K2. 
This results in both units 
controlling a received fre¬ 
quency independently but 
simultaneously. 

This system is foolproofed 
against transmitting on two 
frequencies by powering K2 
from the receive-only 12-V- 
dc source. The relay auto¬ 
matically opens when the 
rig is in transmit mode. Nev¬ 
ertheless, a prominent warn¬ 
ing light should be included 
as a reminder that the 
transmitted signal may not 
be in the same place as the 
one you're listening to. 

The circuit in Fig. 3 is lim¬ 
ited to remote vfo's that do 
not take their B+ voltage 
from the 150-V-dc line in the 
HW-101. The OA2 regulator 
tube can't handle two vfo's 
at the same time. If this fea¬ 
ture is important to you, 
either a solid-state remote 
unit or a separate 150-volt 
supply will be needed. 

Mount the second relay 
next to Kl and keep rf leads 
short and direct. Some sol- 
der-and-try with the .005 
discs may be necessary if 
unwanted oscillation oc- 


Some Other Approaches 

You may find, or already 



Fig. 2. An adjustable-output power supply and the third pole Fig. 3. A second relay (K2) is used for receiving two frequen- 
of relay Kl are used for solid-state remote units. cies at the same time. 
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can be set up easily to func¬ 
tion either normally or as a 
remote vfo. 

For example, an SB-303 
receiver's LMO can be used 
exactly as shown in Fig. 2. 
Mount the control switch in 
a separate box or in place of 
an expendable receiver con¬ 
trol such as the rf attenuator 
LMO output is available on 
the rear panel. If operating 
voltage is brought to the 
LMO through spare phono 
sockets, the receiver itself 
need not even be turned on. 
In the same way, an SB-110 
six-meter transceiver could 
"loan out" its LMO when 
not otherwise occupied. 

If by choice or necessity 
you build an outboard vfo, 
you would probably save 
some time by referring to 
previous articles on Heath 


companions. In "An Exter¬ 
nal Vfo for the Heathkit SB- 
101" (CQ, September, 1972), 
K4TP described a tube-type 
unit. His circuit uses com- 
monly-available parts and a 
simple dial mechanism. 

VK5JZ/SK built a two- 
transistor version which is 
described on page 23 of the 
ARRL's Weekend Projects 
for the Radio Amateur. Look 
through back issues of 73 for 
other articles that may in¬ 
clude a 5-MHz circuit One 
in particular which has 
potential is VE5PZ's "An 
820S Remote Vfo," in 73 for 
June, 1981. 

These circuits should be 
"laundered" through a buff¬ 
er. The triode section of 
tube V5 is not used in the 
HW-101 but functions as a 
buffer in the SB-series trans¬ 


ceivers. By adding a few 
parts, V5B can be put back 
to work. See Fig. 4. The new 
components will fit into va¬ 
cant holes surrounding V5 
since the same circuit board 
was used in both transceiver 
types. 

Refer to Fig. 1 and treat 
the buffer as though it were 
the remote unit. The actual 
outboard can be left on con¬ 
tinuously or switched along 
with the buffer. But remem¬ 
ber the limitations on the 
built-in 150-volt regulator; it 
won't run two of anything at 
once. 

The V5B buffer should 
also benefit some other vfo's 
you might build or buy that 
don't perform properly with 
the HW-101. Low power out¬ 
put is one symptom, oscilla¬ 
tion in the mixer is another 



Fig. 4. A buffer for non-Heath vfo's and improved mixer input circuit. 





Fig. 5. Three steps to a chassis for Heath vfo/LMOs. One—cut out 5" of chassis front. 
Two—make 1" cuts on top, score between them, and bend down. Three—drill mounting 
holes as shown. Use the front panel from an HW-101 or donor equipment as a template for 
the dial mounting. 
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The buffer is more forgiving 
of impedance mismatch and 
too-high vfo output than the 
mixer stage. 

Another step that's likely 
to improve compatibility is 
also shown in Fig. 4. The 
SB-100 series had more so¬ 
phisticated mixer input cir¬ 
cuits which can be added to 
the HW-101. Again, vacant 
holes are available on the 
bandpass board. 

The SSB bias line shown 
with the Heath remotes is 
used to offset the vfo fre¬ 
quency when changing from 
LSB to USB or CW. Recali¬ 
bration of the dial is then un¬ 
necessary. This feature could 
be included in home-built or 
other circuits, but probably 
is not worth the trouble. 

Summing Up 

Length of connecting coax 
cable and terminating resis¬ 
tance is considered critical 
with many vfo designs. In 
fact. Heath specifies 24 inch¬ 
es of RG-62 (93-Ohm coax) 
for interconnecting their 
LMOs. 

At different times I've 
used an HW-101 vfo, several 
LMOs, and a few workbench 
contrivances. In no case was 
anything more than a conve¬ 
nient length of RG-58 need¬ 
ed for good performance. 
But don't overlook the 
47-68-Ohm resistor at the 
mixer input and careful vfo 
alignment. 

There's no disputing that 
the HW-101 is an economy 
radio, but you’re in the com¬ 
pany of many loyal and sat¬ 
isfied owners. A remote vfo 
will open the door to more 
enjoyable HF operating with 
a small investment of money 
and time. It's a very effec¬ 
tive way to make the most 
of hamming on a budget. 

Let me know if you en¬ 
counter any problems, and 
I'll help if I can.B 
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AMTOR How-To 

FEC? ARQ? Don't panic. Timely advice from the 
father of AMTOR takes the confusion out of our newest mode. 


The following text is from 
a letter to W2JUP from Peter 
Martinez C3PLX, dated 
9124/83, on the subject of 
AMTOR operating practices. 
This information is repro¬ 
duced by express permission 
of the author and is offered 
as a guide to AMTOR oper¬ 
ating rules, as suggested by 
the one man most responsi¬ 
ble for bringing AMTOR into 
the amateur-radio fraternity. 
Newcomers to the AMTOR 
mode are invited to give se¬ 
rious consideration to the 
ideas presented here and to 
add these sections to what¬ 
ever AMTOR equipment op¬ 
erating manuals they may 
have. 


H ere are some thoughts 
on the subject of oper¬ 
ating rules, etc., for AMTOR. 
They are in no particular 
order and are written down 
exactly as they occurred to 
me as I sat in front of the 
typewriter. They represent 
aspects of AMTOR operat¬ 
ing that have given rise to 
problems so far over here 
and some (the hot QSY tech¬ 
nique) which have been in¬ 
vented to complement the 
advantages of AMTOR. 

1. Legalities 

Establish before operat¬ 
ing whether you are autho¬ 
rized to do so. Most countries 
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where there is currently 
AMTOR activity permit it by 
general license regulations. 
Some countries require the 
licensee to apply for a spe¬ 
cial permit. Some countries 
do not permit AMTOR. In 
others, stations are active. 

2. Getting Started 
The most popular AMTOR 
mode is ARQ, since it is the 
most effective. However, do 
not attempt to make the first 
QSOs on ARQ until FEC has 
been tested and is known to 
be working. If there is a fault 
in part of the system, no 
contact will result on ARQ 
at all, whereas at least if one 
direction (transmit or re¬ 
ceive) is working, faults can 
be identified and cured with 
contact in FEC. The follow¬ 
ing step-by-step procedure 
will assist in finding faults 
during commission of a new 
AMTOR station. 

2.1. Check FEC receive first, 
with a known distant station 
sending in the correct shift- 
polarity This will confirm 
that the station receiver is 
working and in the correct 
shift-polarity. 

2.2. Check FEC transmit 
next, asking a distant receiv¬ 
ing station to confirm that 
the transmit shift-polarity is 
correct 

2.3. Make a short transmis¬ 
sion with an ARQ call, ask¬ 
ing the distant station to use 


"listen" or "monitor" mode 
to check that the transmitter 
keying is functioning cor¬ 
rectly. The most common 
fault at this stage is a too- 
slow changeover from re¬ 
ceive to transmit, resulting 
in missing transmitted data 
at the start of the burst. 
Some AMTOR units have a 
delay adjust which may al¬ 
low slow transmitters to be 
used successfully except for 
very long distance contacts. 
Some remedial work may be 
required on the radio if this 
test fails. 

2.4. If 2.3 is successful, ask 
the distant station to make 
an ARQ call to your selcal. 
Your station should respond 
and an ARQ contact should 
result. 

2.5. Finally, make an ARQ 
call to the distant station 
and attempt an ARQ contact 
with your station as master 
rather than, as in 2.1, as a 
slave. 

If no contact results yet 
the distant station indicates 
that he was replying to the 
call, then the problem is that 
the radio is too slow to 
change from transmit to re¬ 
ceive. Remedial work may 
be required to correct this: 
No adjustment to the "delay" 
preset in the AMTOR unit, if 
fitted, will cure this prob¬ 
lem. Consult the supplier of 
your radio if remedial work 


is needed. It is important to 
follow these steps in order. 
Unnecessary confusion, 
frustration, and interference 
can result from a premature 
attempt to start an ARQ 
contact where the complete 
contact cannot be made un¬ 
til all the component parts 
are working correctly. 

3. Operating Techniques 

AMTOR is sufficiently dif¬ 
ferent from other modes 
that some of the operating 
practices traditionally used 
on the air are no longer ap¬ 
propriate, and some new 
techniques peculiar to 
AMTOR need explaining. 

3.1. FEC and ARQ. When to' 
use them. ARQ is well 
known to be the better of 
the two, but there are sev¬ 
eral situations where FEC 
has its advantages and some 
where its use is essential. 

3.1.1. Use ARQ for all two- 
way contacts. 

3.1.2. Use FEC for all multi¬ 
way contacts. 

3.1.3. Do not use ARQ for 
CQ calls There are several 
reasons for this: 

3.1.3.1 Listeners cannot 
identify the calling station in 
an ARQ CQ call. Thus, they 
either must risk replying to a 
station with whom contact 
was not desirable or suffer 
the embarrassment of hav¬ 
ing to terminate a contact if, 
for example, it turns out to 




be the station you have just 
worked. 

3.1.3.2. If a contact which re¬ 
sulted from a CQ call on 
ARQ subsequently runs into 
a rephrase attempt, the re¬ 
sultant CQ call from the 
master station may attract a 
completely new reply from 
a third station, thus resulting 
in this new station "stealing" 
the contact. 

3.1,4. FEC will have to be 
used if the distance between 
the two stations is longer 
than about 22,000 miles, 
such as in "long-path" con¬ 
tacts which travel more than 
halfway round the globe or 
some high-orbit satellite 
contacts. Make sure you 
know in advance if the path 
you are attempting is in this 
category, and do not at¬ 
tempt ARQ under these con¬ 
ditions; it is very frustrating 
to be called on ARQ when it 
is known that the path is too 
long and very difficult to at¬ 
tract the attention of the 
caller to the problem. 

3.2 Starting an AMTOR 
QSO. 

There is no need to ex¬ 
plain how to start an FEC 
QSO since the technique is 
identical to that of other 
modes. However, since in 
ARQ mode it is necessary to 
know the other station's 
selcal code before calling 
him, a new technique must 
sometimes be required. 

3.2.1. If the other station's 
selcal code is already 
known, as in the case of a 
"sked," then there is no 
problem. Simply enter the 
required selcal code to the 
AMTOR unit, and if/when 
the desired station is on fre¬ 
quency, he will reply and 
the contact can proceed. 

3.2.2. If tail-ending on a pre¬ 
vious contact and the inten¬ 
tion is to call one station on 
ARQ and his selcal code is 
not known, then there are 
two ways to proceed: 

3.2.21. There is a conven¬ 
tion in operating amongst 
AMTOR operators with re¬ 
spect to the way to choose 
the station selcal code from 
the station callsign. This is to 


choose the first letter of the 
callsign followed by the last 
three letters, ignoring com¬ 
pletely any figures. In the 
case of a callsign with only 
three letters altogether, the 
first letter is repeated twice. 
This ruse breaks down for 
callsigns in which the prefix 
contains figures. However, if 
the callsign of the desired 
station can be translated 
into a selcal code in this 
way, then use the selcal 
code to call him after he 
signs off with the station he 
is working. 

3.2.2.2. If his callsign cannot 
be encoded in the above 
way or his callsign is now 
known or he does not re¬ 
spond to the expected selcal 
code, then call him in FEC 
mode, giving him the choice 
of calling you back on your 
selcal code or asking him to 
tell you what selcal code he 
is using. Note that some sta¬ 
tions who may be using 
commercial SITOR-type 
units may not always be 
able to make ARQ calls to 
all possible combinations of 
letters in a selcal and thus 
may require that you call 
them, often with a selcal 
code that bears no relation¬ 
ship to their callsign, being 
in fact a translation from a 
telex number associated 
with the commercial equip- 

3.2.3, To make a CQ call to 
start an AMTOR QSO, do so 
on FEC mode, mentioning 
your own selcal code so that 
at the end of your call, a pro¬ 
spective QSO partner can 
call you back directly with 
your selcal If you are ex¬ 
pecting replies only on FEC 
(for example, for contacts 
via a long path), mention 
this fact in the CQ call. 

3.3. Operating techniques 
whilst in contact in FEC. 

Whilst operation in FEC is 
very similar indeed to that 
of conventional RTTY, there 
are two points to note, how¬ 
ever, both related to the 
method by which the FEC re¬ 
ceiver synchronizes the dis¬ 
tant transmitter: 

3.3.1. Since the receiver can 
only synchronize to the trans¬ 


mitter when it is not sending 
traffic (that is, idling), each 
transmission must start with 
a period of idling. Most 
AMTOR units will ensure 
that a short period of idle 
precedes the typed mes¬ 
sage, but under poor condi¬ 
tions or where it may help 
the distant receiving station 
to tune in, extra periods of 
idle will help, both at the 
beginning of the transmis¬ 
sion and also at periods dur¬ 
ing the transmission, in case 
interference may have re¬ 
sulted in the distant receiver 
losing synchronization. 

Note that the practice 
common on conventional 
RTTY of transmitting a line 
of test message or RYRYRY 
to allow the distant station 
to tune in is actually coun¬ 
terproductive on FEC, since 
the distant receiver will not 
synchronize until the end of 
this test sequence and the 
idle signal itself is quite suit¬ 
able for tuning purposes. 

3.3.2. Some commercial 
SITOR-type units require a 
received FEC transmission 
to start with a carriage re¬ 
turn and/or a line-feed sig¬ 
nal. For this reason, and also 
to aid the formatting of any 
distant printer copy, always 
start an FEC transmission on 
a new line. 

3.4 Operating techniques 
on ARQ mode. 

3.4.1, Transmitter and re¬ 
ceiver tuning. 

An ARQ contact always 
starts with the master sta¬ 
tion making the initial call 
and the slave replying. Thus 
the frequency will have 
been chosen by the master 
station, and the slave station 
will have "netted" onto that. 
It often happens that an off¬ 
set at either station will then 
result in the signal from the 
slave received at the master 
being a bit off tune. If the 
master station then read¬ 
justs his transceiver's main 
tuning dial to remedy this er¬ 
ror, he will also offset his 
transmitter, probably put¬ 
ting his signal off tune in the 
distant slave's receiver. A 
never-ending series of read¬ 


justments can then take 
place. 

The equivalent problem 
on other modes rarely 
causes trouble since the re¬ 
tune operations only take 
place each time the trans¬ 
mission is passed from one 
station to the other. How¬ 
ever, with the "quick- 
break" operation of ARQ, 
such offsets can cause 
trouble. Thus a convention 
has been adopted among 
AMTOR operators to pre¬ 
vent this situation arising. 
This convention is that the 
master station must at all 
times keep his transmitter 
frequency constant. Thus if 
the master finds that the 
slave signal is not correctly 
tuned, he must adjust only 
his receiver frequency to 
remove the error, leaving 
his transmitter frequency 
untouched, by the use of 
the RIT control on the 
transceiver. The slave sta¬ 
tion, on the other hand, 
may, if he finds his receiver 
off tune, make a correction 
by adjusting both receiver 
and transmitter frequen¬ 
cies together by means of 
the main tuning dial. This 
convention prevents any 
offset from accumulating 
and is the frequency-do¬ 
main analogue to the time- 
domain synchronization in 
which the master-station 
clock determines the phas¬ 
ing for the contact. 

3.4.2. Changing frequency 
during an ARQ QSO. 

Since both stations are 
"listening through," if there 
is some interference on the 
frequency or if a change of 
frequency is desirable for 
some other reason (for ex¬ 
ample, to clear a calling fre¬ 
quency), then both stations 
may wish to move together 
to another frequency. Whilst 
at first there may seem to be 
no reason to discuss such a 
simple operation, which is 
very common and easy to 
perform on any other mode, 
there are problems if a QSY 
is made in some ways in 
ARQ, and there are advan¬ 
tages in adopting a specific 
technique. 
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3 4.21. The easiest way of 
QSYing an ARQ QSO is to 
close down and restart it 
again on a new frequency, 
with the master station 
choosing the new frequen¬ 
cy. This is referred to in 
AMTOR circles as a "cold" 
QSY. This technique is the 
preferred one when moving 
off a calling frequency and 
in other conditions where 
there is good copy between 
stations, so that an orderly 
close-down and start-up is 
anticipated 

3.4.2 2. If, however, the QSY 
is desired because of inter¬ 
ference, then another tech¬ 
nique is possible; if carried 
out in the right way, it can 
have decided advantages, 
but if carried out wrongly, it 
can cause problems and of¬ 
fense to other band users. 
This is referred to as the 
"hot" QSY technique. 

In this, the master station, 
while in the rephasing mode, 
moves off the old frequency 
to the new one, and the 
slave then follows. 

It is important, while the 
master station is doing this, 
for him to prevent his trans¬ 
mitter from radiating in or¬ 
der to prevent unintentional 
interference to other band 
users and also to disable the 
connection between the re¬ 
ceiver and the AMTOR (in 
order to prevent uninten¬ 
tional "phantom sync" to 
any other ARQ signals 
which may be audible dur¬ 
ing the search for a new fre¬ 
quency). Such phantom 
sync will result in spillage of 
traffic from the QSO in pro¬ 
gress, from the other QSO, 
or both It can only be the 
master station that leads in 
a hot QSY If the slave sta¬ 
tion were to attempt to lead 
a QSY, then, in the event 
that it was not successfully 
completed before the con¬ 
tact timed-out into a re¬ 
phase operation, the slave 
would no longer be trans¬ 
mitting, and there would be 
no way for the slave to 
establish a new frequency 
without restarting as a 
master and thus losing some 
traffic. 
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3.4.3 Fixed-channel work¬ 
ing 

Since it is possible to 
leave an AMTOR station in 
"standby" mode on a chan¬ 
nel and for any other station 
to make a specific call to 
that station, a common 
practice in AMTOR is to 
monitor such a specific fre¬ 
quency The question arises 
as to what exactly is the "fre¬ 
quency" of an AMTOR 
emission. There are, unfor¬ 
tunately, two different con¬ 
ventions in use; one more 
commonly used in amateur 
circles, and the other used 
universally by all non-ama¬ 
teur users. 

3.4.31. The "amateur" con¬ 
vention says that an AMTOR 
signal (and indeed any FSK 
signal) is specified with 
reference to the frequency 
of the higher frequency tone 
in the pair Thus, if a sked, 
for example, is prearranged 
to occur on 14,075 kHz, this 
is taken to mean that the 
two transmitted tones are 
on 14,075.00 and 14,074.83 
kHz 

3.4.32. The "commercial" 
convention, also used in¬ 
creasingly by amateurs, says 
that the signal is specified 
with respect to the frequency 
of the imaginary center 
channel. Thus a signal said 
to be on 21,100 kHz will have 
one tone on 21,099.915 kHz 
and the other on 21,100.085 
kHz, that is, 85 Hz either 
side of the nominal, rather 
than with one tone on and 
the other tone 170 Hz below 
the nominal. Note that it is 
assumed that the frequency 
shift is universally accepted 
to be 170 Hz. 

Thus, in any specification 
of a "frequency" in connec¬ 
tion with AMTOR working, 
due regard must be taken of 
the convention intended, at 
least until such time as one of 
these conventions is dropped 
in favor of the other 

Another factor is signifi¬ 
cant with respect to setting 
frequencies on the dials of 
SSB transceivers used on 
AMTOR with audio-freqency 
shift tones used. Since the 
tones will result in transmis¬ 


sions offset from the sup¬ 
pressed carrier frequency, 
the dial, which normally in¬ 
dicates the suppressed car¬ 
rier frequency, will not read 
correctly. It will be neces¬ 
sary to add or subtract a fixed 
amount to the dial fre¬ 
quency in order to establish 
the actual frequency in use. 
For example, if the trans¬ 
ceiver is in use on lower 
sideband, with audio-tone 
frequencies of 2125 and 
2295 Hz, then, to operate on 
an "amateur" frequency of 
14,075, the transceiver dial 
must be set to 14,077.125, 
that is, 2.125 kHz higher 
than the desired freqency. 
The two radiated tones will 
then be on 14,077.125- 
2,125 (14,075) and 14,077.125 
-2.295 (14,074.83). Other 
offsets must be used if a 
"commercial" channel is to 
be set up (2.210 kHz), and 
the offset will be in the other 
direction if upper sideband 
is to be used in the trans¬ 
ceiver. The offset must be 
recalculated if the tone fre¬ 
quencies are different from 
those quoted. 

Users of transceivers with 
an FSK connection must 
consult the transceiver 
handbook or supplier to es¬ 
tablish if an offset has to be 
applied to the dial frequency. 
Even if the transceiver sup¬ 
plier indicates that no offset 
is needed, it will be neces¬ 
sary to establish if the "ama¬ 
teur" or "commercial" con¬ 
vention is implied or some 
other convention. 

3.4.4. Use of the "over" or 
"break-in" facility. 

In ARQ mode, it is possi¬ 
ble, by use of the "over" or 
"break-in" facility, to inter¬ 
rupt the sending of the other 
station. This facility should 
be used with care and only 
in situations where it is es¬ 
sential to do so. The reason 
is that there are inherent 
reasons why recovery from 
such an interruption can 
result in garbled copy at one 
end of the contact, in parti¬ 
cular in "figs" garble. If pos¬ 
sible, wait until the other 
station is idling before 
breaking in, and if the other 


station breaks into your 
transmission, it will prob¬ 
ably help to use the "clear 
buffer" facility, if such ex¬ 
ists, to abort the later trans¬ 
mission of any unsent text 
which would be inappropri¬ 
ate to the new context of the 
break-in. 

3.4.5. The AMTOR alphabet, 
like the RTTY alphabet, con¬ 
sists of two sets of 30 char¬ 
acters, with a switch made 
between them by two "shift" 
or "case" codes. One inher¬ 
ent result of this technique 
is that it is often not known 
which shift the distant re¬ 
ceiving station is in at the 
commencement of the con¬ 
tact For this reason, it is 
always good practice to 
send the appropriate shift 
code at the start of each 
contact, and indeed, at the 
start of each message and 
perhaps at more frequent in¬ 
tervals. With terminals en¬ 
coded in teleprinter code, 
there are always two keys, 
labeled "letter" and "fig¬ 
ures," and so it is simply 
necessary to hit the appro¬ 
priate one of these keys as 
required. 

However, on more mod¬ 
ern terminals, these two 
keys may not exist, and the 
sending of the shift code 
may be hidden from the 
user. However, since the dis¬ 
tant terminal could still 
nevertheless be in the wrong 
shift there will always be 
the requirement to send the 
shift code at the start to pre¬ 
vent the distant receiver 
copying the first part of the 
text in the wrong shift. Con¬ 
sult the documentation with 
your AMTOR unit or ter¬ 
minal in order to establish 
how to do this if there is no 
"letters" or "figures" key. 

4. Format of Selcal Code 

Although the convention 
is to form the selcal from the 
callsign, some AMTOR units 
have the possibility to in¬ 
clude any AMTOR charac¬ 
ter in the selcal. It is strongly 
recommended, however, 
that only the 26 letters A-Z 
are used in selcal codes. ■ 





Bill Smith K3LF 

RD 2, Cold Spring Creamery Rd. 
Doylestown PA 18901 


Picture-Perfect Audio Filters 

Throw away that antique breadboard and scope. 

Let your Apple II peak and tweak a soft circuit instead. 


A ctive audio filters are 
amazing devices. They 
seem to be incredibly pow¬ 
erful yet wonderfully sim¬ 
ple. I have marveled often 
at the way a handful of com¬ 
ponents can seemingly work 
magic on audio signals. Best 
of all, they can be an easy 
home-brew project. 

Anyone who decides to 
design and build one of 
these gems will find a major 


stumbling block, however. It 
is very difficult to determine 
the true frequency response 
of the filters. In the past, I 
have used two methods to 
plot the response curve for 
my designs. One method 
was to use a calculator to 
work my way through some 
horrendous transfer func¬ 
tions and then graph the re¬ 
sults. In order to get a useful 
graph, you must do the cal¬ 


culations for twenty or thirty 
frequency values. This meth¬ 
od is an excellent way to 
wipe out several evenings or 
a weekend. 

A second method is to 
breadboard the design and 
then go to work with a signal 
generator, oscilloscope, and 
graph paper While this 
method is less tedious, it has 
many of its own problems, 
such as the accuracy of the 


test equipment and compo¬ 
nents used in the circuit 
Now there is a third alterna¬ 
tive for finding the frequen¬ 
cy response of active filters. 
If you have access to an Ap¬ 
ple II computer, you can use 
the program described in 
this article. 

The program I wrote gen¬ 
erates a graph of the fre¬ 
quency response of your 
own custom filter designs. 



Fig 1 Typical curve generated by the program. This is a two- 
section bandpass filter. The graph center frequency is 800 Hz 
and this was plotted in the wide mode. 
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Fig. 2. The same graph as Fig. 1 but plotted in the narrow 
mode so that the central area can be examined. Note the 
horizontal frequency scale as compared to Fig. 1. 






Shapefile. 


You input the cutoff fre¬ 
quency and Q of your de¬ 
sign, and within seconds you 
get a graph for that exact fil¬ 
ter. The graph shows the 
decibels of rejection as a 
function of frequency. The 
program can combine up to 
four cascaded filters and 
may be used for low-pass, 
bandpass, and high-pass de¬ 
signs. There are several 
other options that help 
make this a very powerful 


tool for those who enjoy 
tinkering with active filters. 

The program uses the two 
HIRES screens in the Apple 
for the actual graphs. When 
you run the program, you will 
be presented with a menu 
where you select the type 
of filter in which you are 
interested (low-pass, band¬ 
pass, or high-pass). Next, you 
select the number of sec¬ 
tions in your filter and then 
proceed to a data-input 



Fig. 3. The same graph as Fig. 7 but with a second filter curve 
plotted over the first using the overlay feature. The second 
graph is the same as the first with an additional section added 
to steepen the skirts and smooth the passband. 


screen. This data-input screen 
is where you enter the vari¬ 
ous filter parameters for 
your filter and also select 
several graphing options. 
First you enter the center 
frequency, which is the 
frequency on which you 
want the graph centered. 
Next, you enter your filter's 
cutoff or center frequency 
and then its Q factor. If you 
are using a three-section fil¬ 
ter, you enter the cutoff fre¬ 
quency and Q for each filter 
section. 

After the filter informa¬ 
tion is entered, you are given 
several graphing options. 
First you select either a wide- 
or a narrow-frequency scale 


for the graph The wide 
scale will generate a graph 
starting at 1/5th of the cen¬ 
ter frequency and ending at 
5 times the center frequen¬ 
cy. The narrow scale runs 
from half the center fre¬ 
quency to double the center 
frequency. As an example, if 
you select a center frequen¬ 
cy of 1,000 Hz, then the fre¬ 
quency axis on the graph 
will go from 200 Hz to 5,000 
Hz in wide mode and 500 Hz 
to 2000 Hz in the narrow 
mode. In both cases the 
graph will be centered on 
1,000 Hz and will be loga¬ 
rithmic (see Figs. 1 and 2). 

The second option is to 
select either HIRES page 1 
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The Spider Antenna 


MOW! A State-ol- the-Art Antenna 

for State-of-the-Art Transceivers— 
Why Settle for Anything Else! 

At last there is a mobile antenna that is truly a 
fit companion for today’s solid state, no-tune 
transceivers. 

Once the Spider'" 4-Band Antenna is tuned for 
10, 15, 20 and 40 meters, all you have to do is 
turn the band switch on the transceiver—the an¬ 
tenna follows by itself. 

r call now for full 
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or page 2. The last option 
available is the overlay 
mode. By selecting the over¬ 
lay feature, you can have 
your graph plotted over a 
graph already in memory. 
This feature is especially 
useful for comparing two 
different filters (see Fig. 3), 
The third option also allows 
you to review any graphs al¬ 
ready in memory. Using the 
review function also puts 
you back at the point where 
you select the three graph¬ 
ing options so that you can 
edit them before plotting 
the graph. 

If you do use the review 
feature, you are presented 
with a new menu which lets 
you choose page 1 or page 2 
simply by pushing the 1 or 2 
key. You may toggle back 
and forth between the two 
in order to compare two 
graphs in memory Pushing 
any other key will return you 
to the original menu. The re¬ 
view feature also is avail¬ 
able from either of the first 
two menus. 

Once you have opted for 
a new graph or an overlay, 
the program takes over and 
begins the plotting proce¬ 
dure. If you selected "new 
graph," then everything on 
the HIRES page you se¬ 
lected is erased and a new 
coordinate grid is calcu¬ 
lated and drawn. If you se¬ 
lected "overlay," then the 
graph will be plotted over 
whatever graph and coordi¬ 
nate grid that is already in 
memory. 

Next, the graph coordi¬ 
nates are calculated and plot¬ 
ted, and after the graph is 
drawn, you can return to the 
main menu by pressing any 
key. If you want to change 
the number of points that 
are plotted, then increase 
or decrease the STEP values 
in lines 1010 through 1090. I 
chose values which seem 
to give good trade-off be¬ 
tween resolution of the 
graph and amount of time 
to plot the graph 

A few comments are in 
order concerning the graphs 
that are plotted. The equa- 
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tions in the program give the 
filter response as a ratio of 
voltages as opposed to cur¬ 
rent or power The equa¬ 
tions also give the theoreti¬ 
cal response and do not 
allow for errors introduced 
by variations in component 
values or op amp limita¬ 
tions. As you increase the Q 
and number of sections in a 
filter, these items become 
more critical. 


All of the coordinate grids 
display a range of 80 dB 
which converts to .5 dB for 
each screen pixel, which 
seems to be a reasonable 
resolution. You will find that 
the dB scale for the band¬ 
pass filters is different from 
the low-pass and high-pass. 
This was done to try to fit 
the maximum amount of in¬ 
formation in the allotted 
room. The bandpass curves 

FILTER DESISNER 


are set up so that the center 
frequency will always be 0 
dB and all other points will 
be relative to it 

The low-pass is such that 
frequencies well below the 
cutoff frequency will be at 0 
dB. High-pass is similar to 
low-pass, only it is fre¬ 
quencies above the cutoff 
frequency that are at 0 dB. 
This has been done by ad- 

















justing the gain in the calcu¬ 
lations to place the curve on 
the graph where it provides 
the maximum amount of in¬ 
formation. In real life if you 
build a filter, you can select 
whatever gain you like and 
it will have the effect of 
moving the entire curve up 
or down the vertical axis. 

The program is in two 
parts, an Applesoft program 
and a shapetable file. The 


Basic program is entered in 
the normal fashion with 
the exception of lines 500 
through 550 which must be 
entered without any spaces 
in order for them to fit into 
the Apple's input buffer. The 
program is heavily depen¬ 
dent upon subroutines, and 
care should be taken when 
entering line numbers to 
avoid branching errors. The 
shapetable is entered as de¬ 


scribed in the Apple Refer¬ 
ence Manual, Chapter 3. The 
shapetable should begin at 
$6000, and it has a length of 
$304. After it is entered, 
BSAVE it using the filename 
FILTER SHAPEFILE. 

If you have a graphics 
printer, you can easily add a 
routine to print the graphs. 
Add a line 295 to put the 
printer selection on the 
main menu. Add line 355 to 


read "IF T = 6 THEN 1200". 
Starting at line 1200 you 
would add the printer rou¬ 
tines used by your printer to 
output graphics. After the 
printing is complete, have 
the program return to line 
220, the beginning of the 
main-menu sequence. I have 
used this method with the 
Epson MX-80, and it works. 

I have included error trap¬ 
ping for most of the input 
for this program so that it 
usually will ignore an incor¬ 
rect entry. However, you 
may run into a situation 
where you have managed to 
sneak some illogical charac¬ 
ter into a calculation which 
causes the program to error. 
If this happens, enter "RE¬ 
SET" and "RUN". You will 
be back at the main menu 
and any graphs in memory 
will be maintained intact If 
you do not want to enter the 
program by hand, it is avail¬ 
able from me on diskette 
(DOS 3.3) for $12.00. 

If you have an interest in 
active audio filters and have 
access to an Apple comput¬ 
er, I am certain that you will 
find this program fascinating. 
The graphing routine gives 
you a very powerful tool to 
assist in designing filters. 
With the touch of a few 
keys, you can see exactly 
what response you can ex¬ 
pect from a given design 
and a totally new filter may 
be evaluated in seconds 
rather than hours. This is the 
type of application where 
you can get some real utility 
from your micro. Good luck 
and happy filtering. ■ 
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Robert W. Schmidt WAQVNY 
1317 NB 22nd Street 
Moore OK 73160 


Top-Band Power Punch 

Sick of S-2 reports on 160? Build this 
knockout kilowatt amp and make it 59 every time. 



Front vie w of amplifier. 


T he addition of the 160- 
meter band to most am¬ 
ateur transceivers since the 
60s has steadily increased 
interest in the "top band" to 
the point that it sounds like 
75 phone during periods of 
good propagation Often 
plagued by noisy atmo¬ 
spheric conditions and mar¬ 
ginal antenna systems, this 
band is a prime candidate 
for an amplifier that will al¬ 
low consistent communica¬ 
tions. 

With these considerations 
in mind, the AKF 160/1000 
came about. (Its name is de¬ 
rived from the fact that it 


was built for my father, 
W0AKF. The "160/1000" is 
self-explanatory.) 

Primary design consider,! 
tions for the construction of 
the 160/1000 were: 

• single band—160 meters 
only 

• low cost, using on-hand or 
readily available surplus 
parts 

• must be "desk-top" and 
capable of 1 kW dc input 

• tube(s) must be readily 
available and inexpensive 

The final choice of tubes 
(811 As) was primarily dic¬ 
tated by the above consider- 






Top view of amplifier with tube chamber exposed. Note ZD1 
in front of the filament transformer. 



ations Also, suitable fila¬ 
ment and plate transformers 
were on hand. The vener¬ 
able 811A triode has been 
used in many proven com¬ 
mercial and home-brew am¬ 
plifier designs over the years 
and is still available —both 
new and used—for less than 
$15,00. 

The circuit is a straightfor¬ 
ward grounded-grid design 
using six 811 As in parallel. I 
found that the input and 
plate-load impedances for a 
single 811A were 300 and 5k 
Ohms, respectively. This is 
equal to 50 and 833 Ohms, 
respectively, when six tubes 
are used in parallel. I found 
this to be desirable for sever¬ 
al reasons: 


• The 50-Ohm input Z 
would make it easy to drive 
with a solid-state transceiv¬ 
er, even with no tuned input 
circuit. (A 1:1 pi-net input 
was used anyway.) 

• Although the 833-Ohm 
plate Z will result in high 
values of plate-tune and 
plate-load capacitances 
when looking into a stan¬ 
dard pi-net, smaller variable 
capacitors are easily pad¬ 
ded into the approximate 
tuning range by fixed values 

• The low plate Z also al¬ 
lows use of a smaller value 
of inductance which in turn 
saves space. (I tried several 
toroidal inductors but had 
difficulty with core heat¬ 


ing—probably due to high 
current flow.) 

A single dual-movement 
meter with appropriate 
shunts was used for monitor¬ 


ing the three standard cir¬ 
cuit functions. They are: 

• plate current (0-1.5 
Amps) 

• grid current (0-1 Amps) 



Fig. 7. Schematic. 



















Fig 2. Amplifier switching circuit for using two station ampli¬ 
fiers with a common antenna switching system. Alleviates 
cable swapping when going from one amp to another. 


Under-chassis view of the amplifier. Left: power-supply com¬ 
ponents and HV-meter multiplier resistors. Center: tube sock¬ 
ets, filament choke, and input pi-net mounted on a standoff. 
Center bottom: ac power relay and 24-V-dc power supply. 
Right: input loading capacitor, antenna relay, and safety rf 
choke. 


• high voltage (0-2 kV dc) 

The metering can be mod¬ 
ified to allow use of just 
about any low-cost or sur¬ 
plus instrument. In fact, sep¬ 
arate meters for each func¬ 
tion may be desirable. 

Bias is developed in the 
center-tap return of the fila¬ 
ment transformer by using a 
6.2-V, 50-Watt zener diode. 
Zero signal plate I was 
found to be about 100 mA. 
Plate I is cut off during re¬ 
ceive by resistor R17. 


The power supply is a 
standard full-wave design 
and uses a surplus plate 
transformer rated at 500 mA 
CCS (available from Fair Ra¬ 
dio Sales). Though it looks 
small, the transformer is 
very heavy and no excessive 
heating will occur 

Many component changes 
can be made to suit parts on 
hand as long as voltage rat¬ 
ings and values are ob¬ 
served, The main point is to 


not be afraid to experiment 
with different parts and 
layouts. 

If your station already has 
an 80-15/10-meter amplifier, 
the circuit in Fig. 2 will allow 
automatic switching of rf 
and control functions be¬ 
tween the two amps. This of 
course alleviates the cable¬ 
swapping behind the operat¬ 
ing desk. It uses surplus 
DPDT power relays with 
110-V-ac coils and is activat¬ 
ed when the 160/1000 fila¬ 
ments are turned on It was 
constructed in an aluminum 
minibox and placed near the 
station antenna switch. 

Construction 

The general layout and 
construction techniques I 


used should be evident from 
the photos. 

Due to the low frequency, 
lead lengths are not as criti¬ 
cal as they would be in the 
upper HF spectrum. Howev¬ 
er, your final layout should 
be such that leads are 
heavy, direct, and as short as 
possible. 

I prefer using a commer¬ 
cial chassis as the amp foun¬ 
dation, then surrounding it 
with '/("-thick aluminum 
sheet held together with V*" 
aluminum angle and #8 or 
#10 hardware. Scrap alumi¬ 
num sheet is fairly inexpen¬ 
sive, and when only straight 
cuts are required, the total 
cost of a heavy-duty rf-tight 
cabinet can be quite low. 

Of special interest is the 




Parts List 


B 

4’ muffin fan, 115 V ac 

MS 

meter shunt to match M above 

C1-6,13-14, 20-21 

.01 fiF, 1 kV disc 

PC 

parasitic choke: two 100-Ohm. 2-Watt 

C7-10 

100 h F, 450 Vdc 


carbon resistors in parallel with 4 

Cl1—12 

3330 pF silver mica (three 1000s and 


turns #14, 'h * diameter 


one 330 in parallel) 

R1-6 

470k, 1 Watt 

Cl 5 

.001 fiF, 5 kV mica 

R7-10 

470k, 2 Watts 

C16 

1000 pF, 2 kV dc 

R11 

50 Ohms, 12 Watts 

C17 

2000 pF, 1 kV dc (receiver-type spacing) 

R12-16 

50k, 10 Watts 

Cl 8 

.005 M F, 2.5 kV dc 

RFC1 

plate choke (370 turns #24 enamel on 

C19 

1000 m F, 50 V dc 


1 " diameter hardwood dowel) 

C22-23 

.002 pF, 5 kV mica block capacitors 

RFC2 

bifilar-wound filament choke (#10 

DS1-2 

115-V-ac pilot-lamp assembly 


enamel to fill 7’/2* x 'h ’ ferrite 

FI-2 

15 Amps 


rod—Amidon Assoc.) 

F3 

2 Amps 

SI-2 

SPST 

F4 

Vi Amp 

S3 

3-pole/3-position rotary switch 

J1-2 

SO-239 coax jack 

T1 

115/115-V-ac primary; 2250-V-ac c-t, 

J3 

RCA chassis jack 


500-mA secondary (surplus Collins 

K1 

DPST or DPDT 25-Amp contacts/24-V-dc 


Radio transformer from Fair Radio 


coil (surplus relay) 


Sales #TF1UX02YY) 

K2 

3PDT 10-Amp contacts/24-V-dc coll 

T2 

115-V-ac primary; 24-V-ac c-t second¬ 


(surplus relay) 


ary (Radio Shack) 

LI 

17 Va turns, #6, 2" diameter 

T3 

115-V-ac primary; 6.3-V-ac c-t second¬ 

L2 

17 turns, 1" diameter, 2* long 


ary, 24 Amps (Fair Radio Sales) 

M 

surplus meter (0-200 and 0-10-mA 

ZD 

zener diode, 6.2 V dc, 50 W, TO-3 case 


movements) 


or stud mount 
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amplifier cooling. The six 
tubes are enclosed in a 
chamber formed of alumi¬ 
num sheet and Plexiglas™ 
(the wall between the tubes 
and the pi-net is 'A" Plexi¬ 
glas). Air is forced through 
the chamber using a stan¬ 
dard muffin fan. AT' gap in 
the front of the chamber top 
plate allows the air to move 
into the power-supply area. 
Four holes behind the plate 
transformer allow the air to 
exit the cabinet This has the 
added effect of providing air 
circulation around the plate 
transformer 

Operation 

This amplifier has room 
to spare when it comes to 
power output. Since the 
number of tubes and plate 
voltage may vary from amp 
to amp, no discrete tuning 
information is given. How¬ 
ever, outputs in excess of 
1100 Watts have been 
achieved when operating in¬ 
to a dummy load. I have 
found that tuning for maxi¬ 


mum power output and 
then decreasing the drive 
level to the legal limit seems 
to give the best linearity. 
Check your metering and 
watch your signal on a moni¬ 
tor scope (the best piece of 
equipment a ham can have 
in his station). No evidence 
of flat-topping has been no¬ 
ticed, and the output ap¬ 
pears to be a linear repro¬ 
duction of the input when 
driven by a TS-830S at full 
power and viewed on the 
station monitor. 

On-the-air comments 
have been excellent, with 
much interest expressed in 
the number and type of 
tubes. It is hoped that the 
811A fanatics among you 
will add two more tubes and 
try construction of this amp. 
Good luck. 

Special thanks go to my 
father, W0AKF, for his pa¬ 
tience while I built this amp. 
The greatest reward is to 
hear him using it during our 
twice-weekly schedule.® 


$1?? $ax Storr fiaiui 

Sunday - August 26.1984 


Tickets: $2.00 in advance $3.00 at gate 
Send SASIC: G. Frieders. W9ZGP. 1501 Molitor Road. Aurora, 11 60505 

Dealers Contact: G. R. Iiely. WD9GIG 
736 Fellows Street 
St. Charles, IL 60174 
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NEVER SAY DIE 

editorial by Wayne Green 


$$ HOME-BREW III $$ 

Turn your hot solder into cold cash! Once again, 73 is search¬ 
ing for the greatest home-brewer in the land. All projects have 
a chance to appear in 73, and the best of the best will be show¬ 
ered with fame and fortune. 

Top prize is $250. Second place is worth $100, and three 
runners-up will each earn $50. Of course, this is in addition to 
the payment every author receives for publishing in 73. 

Contest Rules 

1. Entries must be received by November 1,1984. 

2. To enter, write an article describing your best home-brew 
construction project and submit it to 73. If you haven't written 
for 73 before, please send an SASE for a copy of our author s 

3. Here's the catch: The total cost of your project must be $73 
or less, even if all parts were bought new. Be sure to include a 
detailed parts list with prices and sources. 

4. Our technical staff will evaluate each project on the basis 
of originality, usefulness, reproduciblity, economy of design, 
and clarity of presentation. The decision of the judges is final. 

5. All projects must be original, that is, not previously published 



from page 6 

situation by Tim. He's been mak¬ 
ing considerable progress, with 
several more licensed hams in 
immediate prospect... and 
more to come. Perhaps my talks 
are having some results? Old 
Doc Green gave the Computex 
opening-ceremonies address to 
a good-sized audience of Chi¬ 
nese businessmen. 

My message for them is the 
same as for America—If Taiwan 
wants to be able to cope with 
the electronics revolution, it has 
to have engineers, technicians, 
and scientists to develop new 
products, to help make, sell, op¬ 
erate, and service them. Lacking 
technical people, Taiwan will 
have to just make do by copying 
the designs of others; they will 
always be two or three years be¬ 
hind. 

And how does a country de¬ 
velop the needed technical peo¬ 
ple? Simple, really, just make 
sure that you expose kids 14 and 
15 years old to high-tech hob¬ 
bles such as amateur radio. It’s 
no coincidence that Japan has 
ham-radio clubs in every high 
school In their country. They are, 
as a result, graduating seven 
times as many electronics engi¬ 
neers as the US, and with half 
our population! Thus, Japan has 


been able to take away virtually 
every consumer electronics in¬ 
dustry from the entire world, in¬ 
cluding the US. 

The electronics revolution 
has a long way to go, so there's 
still time for countries like 
Taiwan to develop the needed 
technical people and get In 
there and compete with Japan 
...designing state-of-the-art 
technical products and thus get¬ 
ting a good piece of the action. 
But without getting ham-radio 
clubs into every school on 
Taiwan, the country will be sen¬ 
tenced to copying—to stealing 
the ideas of others—as they 
have with their Chinese copies 
of the Apple and IBM computers 
and Rolex and Tiffany watches. 

I've been giving this message 
In my talks to business groups 
in Taiwan for several years and I 
think the message is beginning 
to take. Now if I could only get 
some attention here in the US! 

From Taiwan I went on to 
Hong Kong to see some more 
potential manufacturers and 
buy some goodies. The prices 
are best there for Sony, Seiko, 
and so on. The whole tour to four 
countries took just two weeks 
and got me back just in time for 
the Chicago Summer Consumer 
Electronics Show and then my 


yearly USS Drum submarine re¬ 
union. 

Sherry was with me on the 
tour, going on to Manila from 
Hong Kong to see her suppliers. 
She imports some clever cloth 
and wire butterflies which she 
sells through gift shops and flo¬ 
rists. She then met me in Mobile 
for the reunion, missing CES. 

Now, about Taiwan and that 
DXpedltion. My first thought 
was that it might be possible to 
work out something which 
would coincide with the October 
tour of Asian consumer elec¬ 


tronics shows. I’ve been on that 
tour many times and will be go¬ 
ing again this year. In two 
weeks, this gets you to electron¬ 
ics shows in Tokyo, Taiwan, 
Hong Kong, and Seoul...nine 
different shows In two weeks! 

There are usually 200 to 300 
on this tour, a good percentage 
of whom are hams, so It would 
be a natural if the DXpedltion 
could be tied In with the tour. Un¬ 
fortunately, with magazine 
deadlines taking so much time, 
there just wasn't enough time to 
get the word out, make all the ar- 



Dr. Green shaking a Model 100 computer at the Central New England 

College graduating class, threatening them with the coming need 

for a massive increase in communications in order to cope with the Tim Chen BV2A 

computer revolution. How about it? 



DXpedition from Taiwan. 
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Some of the 1984 Computer Show Tour Group visiting a Korean com¬ 
puter factory. 


Tokyo Disneyland is an immaculate must. A kid spilled some pop¬ 
corn and within seconds three people appeared from nowhere and 
cleaned it up. 


rangements, and have things in 
order bv October first. 

I talked with Tim about the 
possibility of my bringing a re¬ 
peater over and setting it up so 
that the American operator 
team could have good personal 
communications. Possible, but 
this will take some education of 
those in charge and some dick¬ 
ering. I talked with Bob Chang, 
who runs Commerce Tours, and 
he said he could arrange with 
the Ambassador Hotel for a safe 
place to set up the repeater. 

We're going to have quite a 
ham contingent on the '84 Octo¬ 
ber show tour, so I'd been think¬ 
ing in terms of arranging for us 
to get HTs in Japan which we 
could use in Hong Kong and Ko¬ 
rea. . and perhaps even Taiwan. 
The turmoil of my merger with 
CW Communications and start¬ 
ing several new magazines and 
businesses scotched the HT 
plan for this year. Maybe in ’85. 

If about ten of you would be 


interested in getting over to see 
Tim and operating for about five 
or six days from Taipei next spring, 
drop me a line. I would estimate 
that the whole trip would cost 
about S3,000 which would in¬ 
clude transportation, hotels, a 
week in Taiwan, plus a few days 
in Tokyo and Hong Kong. By 
then we may be able to work out 
the two-meter repeater and HT 
situation. 

If I can get ten positive and a 
few more possible candidates 
for the DXpeditlon, I’ll start 
Commerce on setting up the ar¬ 
rangements and start working 
with Tim to cover the legal for¬ 
malities. 

Have you ever wondered what 
it's like to operate from the heart 
of Asia? To get on from a rare 
spot and have the whole world 
beating your brains out for a 
contact? It's heady stuff. I've op¬ 
erated from some pretty rare 
spots and it’s really addictive. 


Why leave all the real DXing to 
Lloyd and Iris? 

Computer nuts will go right 
out of their minds when they see 
the prices for Apple- and IBM- 
compatible boards in Taipei. 
And almost every American 
computer book is available for a 
couple bucks, reprinted there. 

The food is superb and the 
sights incredible, from their 
museums to Snake Alley. Your 
camera will be snapping day 
and night. So, are you game for a 
little OXpedition to the Republic 
Of China next May, running from 
about May 15th to 30th? 

Who knows, between the 
Computex computer show in 
Taiwan and the products made 
in the People's Republic of 
China—which you can visit on 
the same trip, going up for a one- 
day visit from Hong Kong—you 
might find a product to Import 
and distribute. That would make 


Your wife? Why not? There's 
no shortage of things for her to 
see while you are busy filling 
your log with contacts. And a 
businessman really needs some 
sort of assistant on a trip like 
this.. .to get details and prices 
from manufacturers while you 
are DXing. 

If you can get away for more 
than two weeks, for a few bucks 
extra you can return via some in¬ 
teresting places and maybe get 
in a few more days DXing. A little 
over a year ago I made the trip 
back from Hong Kong, stopping 
off to work DX from Bangkok, 
Singapore, Kuching (Sarawak), 
Bandar Seri Begawam (Brunei), 
Kota Kinabaiu (Sabah), and 
Manila. If you're interested in 
operating from any of these 
places. I can put you in touch 
with a local ham who will help 
you and perhaps even let you 
use his station for a couple of 
days. Brunei is a new country 
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ALL BAND TRAP ANTENNAS! 


































































































































days. Talk in on 146.34/.94, 147.75/.15, 
449.30/444.30, and 449.20/444.20. For more 

WARS Hamfest^PO^x 4363. Wichita 


Jim Weir WB6BHI 
13281 Grass Valley Ave. 
Grass Valley CA 95945 


id: Atwater Kent speaker. 

a R. Galbraith K5TVC 
4303 Kingsway Drive 
Farmington NM 87401 
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RESUITS 





ENTRIES: 

Logs must be legible and be submittec 
along with a summary sheet listing al 


odd hours (1500 to 2100 GMT); 160 meters 
at 0500 GMT. 


SARTG WORLDWIDE 
RTTY CONTEST 
Contest Periods: 

0000 to 0800 GMT August 18 
1800 to 2400 GMT August 18 
0800 to 1600 GMT August 19 


d enclose a summary sheet showing 


OCCUPATION CONTEST 
Starts: 1800 GMT August 25 
Ends: 2400 GMT August 26 










































































































































































































































































































^□gvNEMAL ELECTRONICS 

k - , 1 , COAXIAL CABLE SALE 

iftC 1 ' RG8U-20It.. PL-259ea ( 

, ^ . A* r\& < RG214U dbl silver shielc 

V ^ ' BELDEN Coax In 100 ft 




Grounding strap, hea 


Connectors—shipping 10% add’l, $3.00 minimum ^ *• 

Cable—Shipping $3.00 per 100 It. 

12240 NE 14th Ave., Dept. 73 , No. Miami, FL 33161 Call (305) 893-3924 
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DEALER 

DIRECTORY 


little as $150 yearly (prepaid), or 
$15 per month (prepaid quarterly). 
No mention of mail-order business 
or area code permitted. Directory test 
and payment must reach us 60 days in 
advance of publication. For example. 


LL 

prasr 
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1"^ f j 


It is with deep sorrow that we note the passing 
of our good friend John H. Nelson on May 23, 
1984. 

For 15 years, John had the final word in 73, his 
propagation forecasts guiding the dreams of DX- 
ers throughout the world. He will be missed. 
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STAR WARS 

Zaaap, goes the laser beam! 
But if that was my ship doing the 
fighting, you can bet I'd spend 
the extra money for a radar sys¬ 
tem to aim the lasers and not 
send a Wookie to do a radar's 
job. 

Lasers and fiber optics are 
the way things are going for 
communications. It's the only 
system which provides the 
bandwidth needed to get enough 
information through In a short 
time. Just look at the way we've 
had to screw up television, 
which is lousy enough, in order 
to send even a fuzzy slow-scan 
picture over amateur-radio 
channels! 

It’s information and band¬ 
width. If you want to send more 
information per unit time, It 
takes more bandwidth. A normal 
television picture takes about 
four MHz of bandwidth. With 
slow scan, we cut the lines to 
one-third and the pictures per 
minute from 3,600 to seven... 
and presto! We can get the in¬ 
formation through a 2,500-Hz 


bandwidth window. It's fuzzy 
and there are eight seconds for 
the voices from the adjacent 
channels to tear up the picture, 
but those hardy SSTV folk keep 
at it, getting very nice pictures 
occasionally. 

The information for TV pic¬ 
tures is analog, so It suffers 
from noise. If you record a TV 
program with your VTR and then 
re-record It on a second VTR, 
you'll see the degradation of the 
analog signal. Each copy Is 
called a generation, and it 
doesn’t take many to lose most 
of the information. It's the same 
with audio tape recorders. With 
digital communications, the 
hundredth generation is iden¬ 
tical to the first—quite a benefit. 
There's no gradual signal loss to 
noise. 

It was this aspect of digital 
communications which got me 
involved with RTTY 35 years 
ago. We had a ball in those days. 
Under the guidance of John 
Williams W2BFD, we had a won¬ 
derful two-meter network run¬ 
ning, complete with a RTTY re¬ 


peater atop the New York City 
Municipal Building. RTTY 
wasn’t permitted on the other 
bands then. Oh, I experimented 
with it on 80m and made con¬ 
tacts as far as California 
(W6NRM), but I had to use on-off 
keying Instead of frequency 
shift, so it wasn't nearly as ef¬ 
fective. 

On two meters we had auto¬ 
call and auto-answer going fine. 
We could set our systems to 
print everything sent on the 
channel or to be selective and 
only look for messages ad¬ 
dressed to our station. Paper 
was cheap, so I let my machine 
copy it all, wading through a 
floor full of copy when I'd get 
back from a weekend away. 

Now, of course, you don’t 
need paper unless you want a 
permanent copy for some 
reason. And Instead of those 
big, noisy clunker Model 12 
Teletype- machines, we use an 
inexpensive computer such as 
the Commodore 64. Even an old 
used $50 TI-99/4A will do it just 
fine. And you use a disk to save 
the weekend of information in¬ 
stead of a hundred yards of 
paper. You really should try 
RTTY now. 

It's getting time to get the 
paper out of communications— 
even with magazines. I've been 
thinking about that. The old 
bandwidth problem again. If you 
are going to get 73 electronical¬ 
ly, It is going to take either a 
whole lot of bandwidth or a lot of 
time. The halftone pictures we 
use in printing are darned near 
digital. Look at 'em with a good 
magnifying glass. By making a 
few more lines per inch, we 
could go digital. Or we can send 
four bits for each halftone dot 
and have 16 levels of dot. We 
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Counter-Productive Basics: 
Part II 

How hard can counting be? K4IPV tells us 
where the errors occur and how to fix them. 


loseph I. Carr K4IPV 
5440 So. 8th Road 
Arlington VA 22204 


I n the first installment of 
this series, we discussed 
the basics of digital frequen¬ 
cy counters (DFC). We 
started with a discussion of 
the basic J-K flip-flop and 
then proceeded to develop 
its role in binary- and de¬ 
cade-counter circuits. In this 
installment, we will discuss 
applications of the DFC and 
some user problems 

DFC Input Circuits 
The input stages of the 
DFC amplify and wave¬ 
shape the input signal to 
make it compatible with the 
digital logic circuits of the 
counter. Most of the time, 
the input signal will not be a 


square wave or fast-risetime 
pulse as required by the digi¬ 
tal circuits, but rather it will 
be an ac signal. 

Fig. 1 shows a counter-in¬ 
put stage. The input ampli¬ 
fier builds up the signal and 
feeds it to the trigger circuit 
(often a Schmitt trigger). At 
frequencies below UHF, 
most counter-input ampli¬ 
fiers have an input imped¬ 
ance of 1 megohm shunted 
by some capacitance (often 
20 pF). At VHF frequencies, 
however, this can lead to 
false counts or lowered sen¬ 
sitivity because of standing 
waves on the line. At those 
frequencies, the input cable 
acts like a transmission line. 
If this problem is experi¬ 
enced, it is possible to over¬ 
come the limitation by plac¬ 
ing a 50- or 75-Ohm barrel 
attenuator in the line at the 
counter input. Provided that 




Fig. 1. Counter-input stage. 
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only 1 to 6 dB of attennua- 
tion is used, the loss of sig¬ 
nal is balanced by achieving 
a matched input impedance. 

The input signal very rare¬ 
ly will be the nice, clean 
square waves required for 
proper operation of the dig¬ 
ital logic-circuit elements 
used to make a counter. The 
signals also may be too low 
in amplitude to operate the 
digital logic circuits or may 
be too noisy. Remember, a 
TTL flip-flop needs to see 
fast rise and fall times 


(i.e., good square waves) and 
amplitudes greater than 2.4 
volts or they will not operate 
properly. 

The input signal, then, is 
passed through two process¬ 
ing stages: an amplifier and 
a trigger. The amplifier is a 
wideband voltage amplifier 
with enough gain to build up 
the minimum allowable sig¬ 
nal (usually 25 to 100 mV) to 
a level great enough to drive 
the trigger stage (i.e., 500- 
1000 mV). 

The trigger stage is a 



Fig. 2. Normal operation of a trigger circuit. 





Schmitt-trigger circuit with a 
built-in hysteresis. This type 
of circuit is used to clean up 
irregularly shaped signals by 
making them into square 
waves. Fig. 2 shows the nor¬ 
mal operation of a trigger 
circuit. The output snaps 
high when the input signal 
crosses the lower hysteresis 
limit and remains high until 
the signal crosses the upper 
limit in a negative-going di¬ 
rection. The hysteresis win¬ 
dow is the quantity (V u —VJ. 
Note that the trigger output 
possesses the shape and am¬ 
plitude required by the digi¬ 
tal circuits that it drives. 

It is a fundamental rule 
that input signals must cross 
both hysteresis limits or no 
count will be entered by the 
DCA. In Fig. 3, (a) shows the 
required situation: the input 
sine wave crosses both lim¬ 
its, but in (b) the sine wave 
crosses only one of the win¬ 
dow limits, so no count is 
registered on the DCA. 

Some counters have a 
trigger-level control that al¬ 
lows the user to adjust the 
position of the window over 
a wide range. Other models 
use a three-position switch 
labeled +, preset, and —. 
The switch allows the win¬ 
dow to be placed in any of 
three locations (see Fig. 4). A 
continuously-variable trig¬ 
ger-level control allows po¬ 
sitioning of the window any¬ 
where within the range. 
Note that neither the contin¬ 
uously-variable nor the three- 
position-switch type of con¬ 
trols varies the width of the 
window (V u —VJ, but only 
the position. However, some 
counters are equipped with 
a trigger-amplitude control 
which does allow the oper¬ 
ator to vary the width of the 
hysteresis window. 

There are several factors 
that tend to reduce the ac¬ 
curacy of an electronic 
counter, and these can be 
grouped as inherent errors or 
signal-related errors. The in¬ 
herent errors are a function 
of the quality, age, and his¬ 
tory of the individual count¬ 
er. Little can be done about 
these unless their source is a 


serious need for recalibra¬ 
tion of the timebase. Signal- 
related errors, on the other 
hand, often are correctable 
by proper manipulation of 
sensitivity, trigger-level, and 
trigger-amplitude controls. 

Inherent Errors 

There are two sources of 
inherent error in all frequen¬ 
cy and period counters: 
timebase error and a ±1 
count ambiguity. 

The timebase error is 
expressed in terms of a per¬ 
centage or in parts per mil¬ 
lion. The error from time- 
base inaccuracies is directly 
reflected in all measure¬ 
ments of frequency or peri¬ 
od. For example, suppose a 
1-Hz timebase is off by 30 
Hz (e g., it is actually 
1,000,030 Hz instead of 
1,000,000 Hz). This is an er¬ 
ror of 30 parts per million (30 
ppm), which is [(1.000.030- 
1,000,000)/1,000,000] X100, 
or 0.003%. 

The measurement error 
due to timebase inaccuracy 
is constant regardless of the 
frequency being measured. 
That is to say, there will be a 
0.003% error at 1 kHz and 
the same 0.003% error at 
the maximum frequency 
that the device will mea¬ 
sure. For example, a 27-MHz 
signal would be measured 
with an error of (27 MHz X 
30 Hz)/MHz = 810 Hz. This 
means that a counter read¬ 
ing 27,000,000 indicated 
that the actual frequency is 
27 MHz ±810 Hz. In other 
words, the actual frequency 
lies between 26,999,190 Hz 
and 27,000,810 Hz. 

If the timebase frequency 
is low, then the counter 
reading will be high. 

Total timebase inaccura- 




Fig 5. Lack of synch be¬ 
tween input signal and 
timebase. 



Fig. 3. The sine wave crosses 
both hysteresis limits in (a) 
but not in (b). 


cy is the sum of several indi¬ 
vidual errors: initial error, 
short-term stability, long¬ 
term stability, temperature 
change, and line-voltage 
change. 

The initial error is the cali¬ 
bration error at the time the 
timebase is intially adjusted 
at the factory, or at recali¬ 
bration in a metrology lab¬ 
oratory. Different methods 
are used to measure the 
timebase frequency, but in 
most cases the timebase- 
oscillator frequency is com¬ 
pared with standard-fre¬ 
quency broadcasts of the 
National Bureau of Stan¬ 
dards radio stations VVWV, 
VVWVB, or WWVH. Alterna¬ 
tively, it might be compared 
with the output of a cesium- 
or rubidium-beam atomic 
clock. 

The short-term stability is 
the timebase-oscillator fre¬ 
quency drift per day. Long 



Fig 6(a). Spurious counts 
created by extra crossings. 



Fig 4. Three-position trigger- 
level control. 


term stability is the frequen¬ 
cy drift per month, and is of¬ 
ten designated the aging 
rate. 

The temperature- and line- 
voltage-stability specifica¬ 
tions refer to the frequency 
change over the 0-50° C 
temperature range, and 
±10 percent line-voltage 
change, respectively. 

There are four different 
classes of counter timebase: 
ac line, room-temperature 
crystal oscillator, tempera¬ 
ture-compensated crystal os¬ 
cillator (TCXO), and oven- 
controlled crystal oscillator. 

The use of the 60-Hertz-ac 
line as a counter timebase is 
limited to the very cheapest 
models and a few low-grade 
older units. Even low-cost 
units today have a crystal 



Fig. 6(b). Trigger-level control 
avoids spurious counts. 
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Fig. 7 . Harmonic distortion of sine-wave-input waveforms. 


oscillator for the timebase, 
and even though the crystal 
is operated at room temper¬ 
ature, it provides better ac¬ 
curacy than the 60-Hz pow¬ 
er mains. Note that power 
cdfhpanies typically will 
quote very high accuracy 
figures for their power 
plant's operating frequency, 
but these are frequency av¬ 
erages over a very long time. 
The short-term accuracy, 
which is what concerns 
counter users, is terrible. 

The TCXO is an encapsu¬ 
lated oscillator that is specif¬ 
ically compensated against 
temperature changes. The 
TCXO provides at least an 
order of magnitude better 
stability than room-temper¬ 
ature oscillators. The TCXO 
is less expensive now than in 
the past so even moderate¬ 
ly-priced counters now offer 
TCXO stability. 

The oven-controlled crys¬ 


tal oscillator places the crys¬ 
tal (and in some cases the 
rest of the oscillator circuit¬ 
ry) inside an oven, or ther¬ 
mal chamber. Thermostat 
ovens are considered an or¬ 
der of magnitude better 
than TCXO designs, while 
the proportional-control 
type of oven is from one to 
two orders of magnitude 
better than TCXO. 

Table 1 lists typical stabil¬ 
ity specifications for several 
models of counters by sever¬ 
al different manufacturers. 
Note that the short-term sta¬ 
bility is given only for the 
oven type of timebase. The 
TCXO and crystal oscillator 
must be operated for a full 
24 hours before the stability 
reaches the specified level. 
At operating times less than 
24 hours, the stability is 
poorer Some models use a 
separate regulated power 
supply for the TCXO that is 



Liim_ j l 


Fig 8. Impulse noises cross the hysteresis window. 
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Long term 

aging (permo.)— 5x10-? 2x10~ 7 5x10~’°' 
Shortterm 

aging (per day)— — — 10- 1 ® 

± 10% line 

voltage— 10~ 7 10- 8 10-® 

Temp. 0-50 °C 

(ambient)— 10~ 8 10~ 7 10-® 

'After 24-hour warmup. 

Table 1. Typical stability specifications. 


not turned off by the main 
power switch. Rechargeable 
batteries are used in porta¬ 
ble models for the same pur¬ 
pose, so the TCXO is not 
turned off while the counter 
is being transported be¬ 
tween job sites. 

The ± count ambiguity is 
caused by the lack of syn¬ 
chronization between the 
input signal and timebase. 
This is illustrated in Fig. 5: 
During period Ti seven 
pulses are gated into the 
DCA while during T2 only six 
pulses reach the DCA. On 
some subsequent count, it 
may be that eight pulses are 
gated into the DCA. One 
fundamental rule for all dig¬ 
ital-counter instruments is 
that there is an error of ± 
count of the least significant 
digit. In other words, a 
counter that reads, say, 
10,000 Hz is measuring a fre¬ 
quency that lies between 
9999 Hz and 10,001 Hz, i.e., 
10 kHz ±1 Hz. 

The ± count ambiguity 
produces an error that is in¬ 
versely proportional to the 
frequency being measured 
and the gate time: 


Error (%) = ± 100/fT 
where f = the frequency be¬ 
ing measured, in Hertz, and 
T = the time the gate is 
open, in seconds. 

For example, let's find the 
percentage error due to ±1 
count ambiguity at (a) 2 
MHz, and (b) 27 MHz, for a 
gate time of 1 second. 
Solution. 

(a) 

Error = ±100/fT 
Error= ±100/(2 X10«> Hz) 

(1 sec) 

Error= ±0.00005 percent 

(b) 

Error = ±100/fT 

Error = =100/(2.7X10 7 Hz) 

(1 sec) 

Error= ±0.000004 percent 
The error is ±1 count re¬ 
gardless of the frequency 
being measured, so the per¬ 
centage of error decreases 
for higher frequencies: Com¬ 
pare (a) and (b) above. 

Signal-Related Errors 

Poor signal quality can in¬ 
troduce errors that add to or 
subtract from the true 
count. Most of these errors 



Fig 9. Correct and incorrect window positioning. 














result from hysteresis-cross- control is adjusted so that 
ing or noise on the signal the ringing portions of the 
Trigger errors occur be- signal cross the limits, creat- 

cause the input signal cross- ing additional “input" puls¬ 
es the hysteresis window es, a two-count error. The 

limits too many or too few cure is to adjust the trigger- 

times We saw in Fig. 3(b) level control so that the ring- 

that a signal will fail to in- ing portions of the wave- 

crement the DCA if it does form fall outside the win- 

not cross both limits of the dow limits—see Fig. 6(b). 

hysteresis window, causing The same problem exists 
too low a count. on sine-wave-input wave- 

Fig. 6(a) shows how severe forms (Fig. 7) that have a 

ringing on a signal can ere- large amount of harmonic 

ate extra, spurious counts of distortion. The cure is the 

the DCA if the trigger-level same, however. Readjust 

the trigger-level control so 



Fig. 70. Noise band along a Fig. 77 (a) Successive cycles 
shallow-slope waveform. with varying amplitudes. 
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that it is operating over a 
lower portion of the wave¬ 
form. 

Similarly, impulse noise 
riding on the signal can have 
an amplitude sufficient to 
cross both limits of the hys¬ 
teresis window. An example 
of this phenomenon is 
shown in Fig. 8, in which a 
pulse in a symmetrical wave 
train is carrying impulse 
noise artifacts. In the case 
shown, the noise bursts 
cross the window limits and 
thereby force the trigger 
output to create extra pulses 
instead of just one. 

Once again, the correc¬ 
tion requires readjustment 
of the trigger-level control 
to a point further down the 
waveform. In the case of a 
non-square wave, the noise 
may appear on the leading 
or trailing edges and still 
cause the problem. Fig. 9 
shows the proper and improp¬ 
er positions for the hyster¬ 
esis window on such a wave¬ 
form. 

Note that filtering of the 
noise is not usually feasible 
because of the bandwidth 
requirements of the input 
amplifier. 

Fig. 10 shows a type of 
noise error that is particular¬ 
ly troubjesome on period 
measurements. In this ex¬ 
ample, noise rides on a sig¬ 
nal that has a shallow slope, 
and so creates a band of un¬ 
certainty around the signal. 
The trigger circuit should 
produce a high output when 
the signal crosses the upper 



Fig. 11(b). Other cycles with 
varying amplitudes. 


limit and drop low again 
when the signal crosses the 
lower limit, but noise im¬ 
pulses adding to or subtract¬ 
ing from the signal ampli¬ 
tude could provide prema¬ 
ture or delayed trigger tran¬ 
sitions. The correct duration 
of the trigger output pulse in 
Fig. 10 is (t, - t 2 ), but under 
worst-case conditions the 
actual duration may be as 
much as (t 6 — t,), and that 
amount represents a consid¬ 
erable error. 

The solution for this prob¬ 
lem is to cause the signal to 
slew through the hysteresis 
band as rapidly as possible. 
Two methods can be used to 
implement this solution. 
One is to narrow the window 
by adjusting the trigger-am¬ 
plitude control, and the 
other is to increase the 
waveform's slope by pream¬ 
plification. 

On some types of signal 
waveform it is sufficient to 
adjust the trigger-level con¬ 
trol so that the counter trig¬ 
gers on the steepest portion 
of the waveform. On sine 
waves, for example, this 
point occurs at zero cross¬ 
ings, but on other wave¬ 
forms it may occur else¬ 
where on the signal. 

One final type of signal- 
related problem involves 
the case where successive 
cycles have varying ampli¬ 
tudes. You can position the 
trigger so that it satisfies 
some of the cycles—see 
Figs. 11(a) and 11(b)—but 
others fall outside of the 
hysteresis window. Again, 
the solution may be reset¬ 
ting the trigger control. 

How Much Sensitivity? 

It is possible that a system 
can have too much sensitivi¬ 
ty. While that statement 
may seem heretical, there 
comes a point where the sen¬ 
sitivity is too great because 
it permits noise or distortion 
artifacts to cross the win¬ 
dow limits. In some cases, 
therefore, our "fix" for cer¬ 
tain problems is to reduce 
the sensitivity or insert an at¬ 
tenuator into the line.B 









Peter H Putman KT2B 
84 Burnham Road 
Morris Plain s N/ 07950 


Elementary, My Dear: 
Watts 'n' Swr 

Stop guessing. Build this no-nonsense VHF/UHF wattmeter 
and save your hard-earned cash. 


H ere's a project every¬ 
body can use—a cheap, 
reliable wattmeter that can 
be used anywhere from 50 to 
500 MHz. It uses an etched- 
line circuit for coupling and 
has two power ranges. Addi¬ 
tionally, it can be calibrated 
to measure swr as well! 

The idea for this project 
grew out of discussions the 
Split Rock ARA had back in 
1980 concerning a possible 
club project. Among the 


many ideas kicked around 
was one for such a wattme¬ 
ter, although at the time an 
unrealistic figure of $15.00 
for the total cost was antici¬ 
pated. As expected, the proj¬ 
ect never got off the ground 
I stuck with the concept 
and over the years tinkered 
with various designs. Some¬ 
where in the past I had stum¬ 
bled upon a circuit that used 
an etched transmission line 
and coupler, so a trip to the 


technical archives in the at¬ 
tic revealed what I needed. 
The big problem was that 
the etched line was nowhere 
near 50 Ohms! This wouldn't 
do at all. After all, what 
good is a 500-Ohm watt¬ 
meter? 

Additional research re¬ 
vealed that the dimensions 
of a 50-Ohm stripline etched 
on G-10 epoxy board were 
close to 1/10 inch in width, 
with any length usable. After 
confirming this with Steve 
Katz WB2WIK, I began care¬ 
fully etching test boards in 
the darkroom using precision 
rulers and masking material 
cut with an X-acto® knife. 

After about four proto¬ 
types, a board was pro¬ 
duced which, when con¬ 
nected between two type 
BNC connectors (using the 
unetched side of the board 
as a ground plane), exhibited 
no reflected power on a Bird 
Model 43 wattmeter con¬ 
nected in series and termi¬ 
nated at 50 Ohms. Voila! I 
had done it. Now to the nuts 
and bolts of the circuit! 

I should clarify any addi¬ 
tional comments by saying 


that this unit is really a bi-di¬ 
rectional coupler. As such, it 
can be used to measure swr 
or power—whichever you 
prefer. It samples a small 
amount of rf on the trans¬ 
mission line through a cou¬ 
pling line which is termi¬ 
nated in the middle. At 
either end, type 1N60 diodes 
are used to rectify this small 
sampled voltage. Add a few 
switches, pots, and a meter 
and that's it! Period. 

As I just mentioned, rf en¬ 
ergy traveling on the 500hm 
section from input to output 
is sampled by the — 3(WB 
coupler—sort of like wind¬ 
ing a link coupling at HF fre¬ 
quencies. D1 and D2 can be 
almost any kind of point- 
contact diode, but the best 
choice would be a 1N60 due 
to the better performance 
characteristics at VHF/UHF. 

The sampled, rectified dc 
voltage is then routed to R2 
or R3 via SPDT switch SI. 
These two potentiometers 
set power ranges or can be 
used to set frequency ranges. 
Note that as with most watt¬ 
meters that use coupling 
lines, the degree of coupling 



I KT2B vhf wattmeter 
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THESE HOLES SOLDER 
THROUGH TO GROUNDPLANE 


Fig 1. PC-board overlay for parts. 


rises with the frequency cho¬ 
sen and decreases with a 
lower frequency, so that dif¬ 
ferent leadings will be evi¬ 
dent on different bands for 
the same power level mea¬ 
sured. 

Also note that while the 
actual power measurement 
and its relation to the meter 
scale is a function of a loga¬ 
rithm, the relation between 
decades of measurement is 
a linear function. This allows 



the use of one meter scale 
on any band. Power levels 
up to 500 Watts can be mea¬ 
sured accurately with this 
unit—typically within 10% 
of a Bird 43—but I haven't 
tried anything higher. Tef¬ 
lon™ board would be a bet¬ 
ter choice for higher power 
levels. 

R1 on the sampling line 
functions as a termination, 
and you may have to tinker 
with it a bit to determine 
coupling characteristics. I 
found a value of 27-33 
Ohms to be fine. Cl and C2 
function as rf bypass capaci¬ 
tors. The best way to mount 
the PC board is to suspend it 
between two connectors— 


either type SO-239 or BNC 
female. Use finger stock or 
braid to make a good con¬ 
nection from the ground lug 
to the backside of the PC 
board. 

I would suggest installing 
the meter in the case first be¬ 
fore doing anything else. A 
recommended unit would be 
the Radio Shack #270-1751, 
50-jiA movement It's inex¬ 
pensive and has a big scale 
that is easy to modify. Next 
mount the two switches, SI 
and S2, on either side of the 
meter face. Prepare the PC 
board with all components 



Fig 2. Master art for PC board. 

as shown in Fig. 1, along with line. Solder the braid to the 
appropriate lengths of wire back of the double-sided 
to connect to each switch, board. 

Install the side connectors Calibration can be 
of your choice along with achieved with use of a 
about 1" of braid or finger known, accurate bridge or 
stock for the ground connec- wattmeter, such as a Bird 
tion. Finally, install the com- Model 43 or similar unit Set 
pleted PC board by suspend- the unit up to the ranges you 
ing it between the center desire by adjusting the ten¬ 
pins on the connectors and turn pots, R2 and R3. For ex- 
then soldering the center ample, you may wish to 
pins to the 50-Ohm etched measure the output of two 



Fig. 3. Meter scale for Radio Shack 50-pA meter. 


Fig 4. Schematic. 
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7/8 "-50Q 


$ 1 35 /Foot 


A.G.W. 

ENTERPRISES^ 

ROUTE 206-RD 10 
VINCETOWN N.J. 
08088 


DISCOVER THE ULTIMATE 
POTENTIAL OF YOUR STATION 
609 - 268-8166 



D1.D2 1N60-type diode or similar 

R1 33-Ohm, ’4-Watt resistor 

R2, R3 15-tum, %-Watt, 500k pot 

SI, S2 SPDT Miniswitch 
Cl, C2 .001 disc, 50 volts 
J1, J2 SO-239 connectors 

Ml 50>iA movement 

Case LMB TF-780 case 


mobile rigs; one with 25 
Watts at 146 MHz and one 
with 10 Watts at 440 MHz. 
Or, if you wish, you can add 
additional trimpots for addi¬ 
tional ranges. 

I have included in Fig. 3 a 
template for a wattmeter 
scale that can be used in¬ 
stead of the 50-pA scale on 
the meter. Remove the me¬ 
ter face carefully, using a 
screwdriver to pry it off. 
Next, using extreme care not 
to bend the meter move¬ 
ment, work a small knife or 
screwdriver under the metal 
scale on the unit Pry gently 
around the comers until it 
pops free, then slide it out. 
Use this metal scale as a 


Radio Shack 
Radio Shack 
Jameco #43P 
Jameco#JMT121 
Radio Shack 
Nemal Elect. 
Radio Shack 
(distributor 


template to cut the supplied 
scale to size. Reinstalling 
the new scale is easy since 
Radio Shack uses double¬ 
sided tape on the face to 
hold the factory-supplied 
scales. Snap the cover back 
on and you're in business. 

As was stated before, ac¬ 
curacy has been measured 
to within 10% or better of a 
Bird 43 on the desired fre¬ 
quency. If you want, you 
can remove the meter and 
remote it, leaving the cou¬ 
pling unit in its own box. 
This could be handy for mo¬ 
bile installations! If there is 
interest, I can supply etched, 
drilled, and plated PC boards 
for $10.00 each. ■ 


here is the next generation Repeater 

MARK 4CR 


In 1978 we created the first micro¬ 
processor based repeater and here is its 
successor the incomparable MARK4CR. 
Of course it has autodial and tail mes¬ 
sages, after all, we invented those 
features. Sure it has autopatch, reverse 
patch and built-in ID. But hold on — it 
also has Message Master™ real speech 
and receiver voting. Its all new receiver 
puts 7 large helical resonators up front 
for extremely high dynamic range. Yes, 
MARK 4CR is the next generation! 


MICRO CONTROL SPECIALTIES 


Unlimited vocabulary speech messages in your own voice 
Hundreds of tone access functions, many with time-of-day se 
All vital parameters can be set remotely by tone access 
Two phone lines and dozens of input/output control lines 
4 channel receiver voting plus full linking capability 
Bus structured design for easy hardware/software expansion 
"Overload proof" receiver with 7 large helical resonators 
Our famous MCS squelch, often called the best in the business, i 
now even better with automatic fast/slow switching 



c, Groveland, MA 01834 (617! 372-3442 






Don Jarvis VE2DWC 
30 Summerhift A venue 
Pointe Claire, Quebec H9R 2K4 


Bob Pepper VE2AO 
Apt 201, 455 32nd Avenue 
Lachine , Quebec H8T 1Y2 


Perfect Timing 

Proud of your repeater ? Construct this multi-talented identifier 
and tell the world your who, what, and where. 


D oes the world really 
need a new repeater- 
identifier circuit or, for that 
matter, a new timer circuit? 
Why a new one when so 
many good designs abound? 


Well, it was a combination 
of circumstances and specif¬ 
ic needs which don't seem 
to be satisfied with the exist¬ 
ing designs. 

Bob's 2-meter repeater. 


VE2BC, shares a site with a 
commercial machine, one 
of several run by the opera¬ 
tor. Said gentleman was ad¬ 
vised by the DOC (Canada's 
version of the FCC) that all 
his transmitters (20 plus) 
must henceforth incorpo¬ 
rate identifiers. Knowing 
that the commercial models 
would cost him a minimum 
of $500 each, he appealed 
to Bob for an amateur (read 
"low-cost") solution to his 
problem. 

At about this point in 
time, VE2DWC developed a 
need for an identifier-timer 
for a proposed 10-GHz 
beacon. This would, every 
few minutes, send the 
beacon callsign plus a mes¬ 
sage giving the location and 
a QSL address for reception 
reports. This message would 
require about 200 diodes 
to program a conventional 
scanning identifier, requir¬ 
ing enough board acreage to 
grow com as a sideline. This, 
plus the thought of install¬ 
ing a smaller number of 
diodes in 20 or more boards, 
was enough to convince us 
that programmable read¬ 
only memory (PROM) was 


the answer to both require¬ 
ments. 

The complication of build¬ 
ing a PROM programmer 
seemed justified by the 
benefits to be gained. 
VE2DWC rashly volun¬ 
teered to undertake this part 
of the project while VE2AO 
did the identifier-timer de¬ 
sign. Enough said about this 
aspect of the project, except 
to note that as a conse¬ 
quence of this we are now 
able and willing to burn 
PROMs for those who like 
the design but don't want to 
go to the bother of haywir¬ 
ing together their own pro¬ 
grammer. 

The finished identifier- 
timer (the term seems to cry 
for shortening to something 
like Identi-Timer) uses six 
CMOS chips, a 256X4 (IK) 
bipolar PROM, a monolithic 
voltage regulator, and four 
transistors on a board three 
inches square to generate 
CW messages up to 256 bits 
in length The addition of 
one more chip can increase 
this to 512 bits. Strapping 
options allow a choice of 
various timing options or 



Identifier-timer board. 
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use as an identifier only. If 
your junk box is as bare as 
ours (at least when it comes 
to the particular parts that 
are necessary) and you end 
up having to buy all the 
components, the total cost 
should not exceed 25 
dollars. 

Construction 

Parts placement is shown 
in Fig. 4. All resistors are 'A 
Watt and are mounted flat 
to the board except for the 
two 470-Ohm resistors on 
the base of Q1; these are 
mounted on end, transistor- 
radio style. The 20k tone- 
level potentiometer is a 
Helitrim Model 91; anything 
of the same approximate 
size and lead placement will 
work The lead on the volt¬ 
age regulator should be 
bent at right angles before 
mounting, allowing you to 
secure it with a #4 screw and 
nut through a hole in the 
board for this purpose. 

All ICs except the PROM 
were soldered in place on 
the 20 or so boards manu¬ 
factured; no failure oc¬ 
curred which would have 
made the messy job of re¬ 
moval necessary. It hardly 
seems right to have to use 1C 
sockets costing more than 
the chips that go in them, 
but this does necessitate 
buying good quality chips 
with minimal failure rates; 
the choice is up to the build¬ 
er. A 16-pin DIP socket was 
provided for the PROM 
since callsigns do change. 

Circuit Description 

The unit is divided into 
two functional blocks: the 
identifier and the timer cir¬ 
cuit. The identifier will be 
described first, since it is the 
less complicated of the two. 
All integrated circuits (ex¬ 
cept the PROM itself and 
the on-board voltage regu¬ 
lator) are CD4XXXB series 
CMOS. 

The Identifier Circuit 

The basic idea of the iden¬ 
tifier is centered around a 
256x4-bit programmable 


read-only memory contain¬ 
ing the previously-entered 
bit sequence, in Is and Os, 
that represents the message 
to be sent in Morse. The ad¬ 
dress lines of the PROM are 
scanned in sequence by a 
binary counter at the de¬ 
sired rate, outputting the 
stored bits which are used to 
key an audio oscillator 
which is fed to the repeater 
audio line. 

The counter is driven by 
an astable multivibrator 
clock which runs at a rate 
which is 16 times faster than 
the shortest element bit 
length, equivalent to a dot. 
For a speed of 10 words per 
minute, the element length 
is about 120 milliseconds; 
this means that the clock 
bits are about 75 milli¬ 
seconds, an operating fre¬ 
quency of 133 Hz. The value 
of R1 can be varied to pro¬ 
duce the desired speed; 
halving the value will dou¬ 
ble the speed. 


A word about the feed¬ 
back resistor used on this 
clock and the timer clock: 
Normally it should have a 
value of at least two times 
the R1 value. However, the 
very fast rise time of the B 
series CMOS (on the order of 
nanoseconds) caused erratic 
clocking of the CD4020 
counters, with strange- 
sounding results in the CW 
output or inexact time inter¬ 
vals. Reducing the value of 
this resistor to 5600 Ohms 
cured the problem when 
nothing else availed. The 
problem was not encoun¬ 
tered on the U2A/U2C tone 
oscillator, so the conven¬ 
tional value was used here. 

The clock drives U3, a 
14-stage CD4020 binary rip¬ 
ple counter. The Q4 to Q11 
outputs of the counter 
(divide by 16 to divide by 
2048) are connected to the 
address lines of the PROM, 
addressing memory loca¬ 
tions 000 to 255 (00 to FF 



Fig. 2. Optional-message 
switch. 


hex) in sequence. At each 
step, the PROM outputs 
four bits on its 9/10/11/12 
pins. Only one of these bits 
is used in a memory cycle, 
normally bit 1, but any one 
of the four can be selected 
by strapping on the board. 
Alternative messages can be 
programmed in bits 2 to 4 lo¬ 
cations, or a continuation of 
the message in the 256 bit 1 
locations, using the optional 
memory switch. 

A tone oscillator. U2A J 
U2C, identical to the count¬ 
er clock except for the op¬ 
erating frequency (and the 
use of NANDs in place of 
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Fig 3. Circuit board, foil side. 


NORs), feeds one input of 
the U2B two-input NAND 
gate. The bit output of the 
PROM feeds the other input, 
keying the tone on and off at 
the output of U2B. The tone 
level control is used to ad¬ 
just the level of the signal in¬ 
to the 10k series resistor 
which is bridged on the re¬ 
peater audio line. Sufficient 
level is available to cover 
the majority of setups likely 
to be encountered. 

A number of the counter 
outputs are made available 


for connection to a reset cir¬ 
cuit consisting of U2D and 
U8D, used to stop the opera¬ 
tion of the identifier after 
the programmed message 
has been sent. One or two of 
these outputs are strapped 
to the inputs of U2D as re¬ 
quired, the two inputs being 
bridged together if only one 
output is used. The select¬ 
able message lengths are: 

• maximum 64 bits: strap to 
output pin 14. 

• maximum 128 bits: strap 
to pin 15. 




ir=^ 

.01^-!°°— ^ “31-5, ir .. 

C3 ~ 


#EZMl'ik 


Fig. 4. Circuit board, component side. *C1, 0.1 uF if required. 
** Tack-solder 100K resistor irom " memory" common to 
ground, on front or rear of board. 
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• maximum 192 bits: strap 
to pins 14 and 15. 

• maximum 256 bits: strap 
to pin 1. 

The RC network between 
U2D and U8D delays and 
stretches the reset pulse ap¬ 
plied to U7A, avoiding a 
possible race condition 
which could occur because 
of the slow reset time of the 
U3 counter. 

The Timer Circuit 

The external keying input 
to the timer uses a 1 k series 
resistor when keyed from a 
dry circuit (such as relay 
contacts). When keying 
from the collector circuit of 
a transistor, replace this re¬ 
sistor with a 1N4148 small 
signal diode to provide 
isolation from the collector 
voltage. 

A low on the input to U5D 
inverter from the keying line 
produces a high on its out¬ 
put, starting the timer-clock, 
U5B/U5C, a third astable 
multivibrator circuit. The 
following U5A inverter puts 
a low on the U6 4020 count¬ 
er reset line and one input of 
U8C NOR gate. This low en¬ 
ables the counter and is in¬ 
verted by U8C to turn on the 
Q3/Q4 Darlington pair, key¬ 
ing the PTT line to ground. 
Q3/Q4 are capable of driv¬ 
ing external loads up to 12 
volts, 50 mA. Relay coils 
should have a parallel re¬ 
verse protection diode to 
prevent voltage spikes from 
damaging the transistors. 

The counter clock has a 
normal pulse width of 15 
milliseconds. The three 
counter outputs provide 
timed periods of 30 millisec¬ 
onds, 30 seconds, and 4 min¬ 
utes, which are the intervals 
required for the following 
modes of operation: 

• Model (Straps A, C, E, C): 
Provides COR timeout of 4 
minutes, ID after 30 sec¬ 
onds; will continue to identi¬ 
fy every 60 seconds even af¬ 
ter timeout, as an indication 
that the keying input is still 
seized. 

• Mode 2 (Straps A, C, E, Ft). 
Will ID after 30 seconds and 


every 60 seconds thereafter; 
no timeout function. 

• Mode 3 (Straps A, D, E, G): 
Same as mode 1 except that 
ID does not continue after 
timeout. 

• Mode 4 (Straps B, C, F, H): 
Identifies after each trans¬ 
mission, no timeout func¬ 
tion. 

• Mode 5 (Straps B, C, E, H): 
Identifies after a transmis¬ 
sion, but only if the keying 
input has been seized for a 
minimum of 4 minutes; no 
timeout function. 

U7A and U7B D-type flip- 
flops act as latches, storing 
the state of the counter out¬ 
puts for control of the iden¬ 
tifier and the PTT line. When 
strap G is inserted, U7B Q 
output provides the timeout 
function via the U8C two-in- 
put NOR gate. Strap H is 
used when timeout is not re¬ 
quired, relegating U8C to 
the function of an inverter 
for the keyed output of 
USA. 

The U7B Q output is 
used (1) to disable the ID cy¬ 
cle on timeout (option 3), (2) 
to provide an ID after each 
transmission (option 4), or (3) 
to provide an ID after 4 min¬ 
utes (option 5), by clocking 
the D (data) input of U7A. 

U7A's Q output is tied to 
the base of Q2, turning on 
+ 5 volts to power the 
PROM during ID, and to the 
base of Q3, keying the PTT 
line while_the ID is being 
sent. The Q output controls 
the ID counter, starting the 
address count, and stopping 
it when reset occurs via 
U2D/U8D. Time-delay ca¬ 
pacitor Cl, 01 uF, should be 
equipped when options 4 or 
5 are used. 

When the USA input is un¬ 
keyed, the input (s) of U8C 
go from low to high, remov¬ 
ing the Q3/Q4 ground from 
the PTT output. The same 
change of state resets the 
U6 timer counter and the 
U7B timeout latch and stops 
the U5 timer clock. 

Voltage Regulator Circuit 

U1 is a Vi-Ampere, 5-volt 
regulator chip Fteat-sinking 
of the package is not neces- 
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sary since the standing drain 
of the CMOS circuitry is 
very low, about 8 mA, and 
the heavier load of the 
PROM is short term since it 
is turned off when not re¬ 
quired. This feature allows 


use of the timer/identifier 
even with low-power-drain 
repeaters operating from 
solar cells, batteries, etc. 
The output of the regulator 
is set at 5.2 volts by bringing 
the common lead slightly 


Parts List 


Integrated Circuits 
U1 78M05 
U2,5 CD4011B 
U3,6 CD4020B 
U4 PROM (see text) 
U7 CD4013B 
U8 CD4001B 


Resistors (’/« Watt) 

1 27 Ohms 

2 470 Ohms 
1 Ik 

1 1.8k 

2 5.6k 

3 10k 


Transistors 
Q1 2N3906 PNP 
Q2, 3,4, 2N3904 NPN 


Capacitors 

3 0.01 uF 
5 0.1 uF 
1 1.0 uF 


2 47k* 

5 100k 
1 130k* 

1 470k* 

1 20k PCB mount trimpot 


Diodes 
1 1N4148 

(or 2—see text) 


Fig. 2 Message Switch Miscellaneous 

U9 CD4016 1 16-pin DIP 

1 100k resistor socket (PROM) 

' Values shown are nominal ones for clock-circuit frequencies 
specified in text. 


above ground with a 27- 
Ohm resistor. This offsets 
the voltage drop of about 
0.2 volts through the PROM 
switch and, although not 
strictly necessary, was add¬ 
ed because of the simplicity 
of doing so. The remainder 
of the circuit runs on the full 
5.2-volt output. The input to 
the board can be anything in 
the range of 7 to 20 volts 
positive. 


Optional Message Switch 

This feature permits mes¬ 
sages up to 512 bits in length 
to be sent by switching the 
PROM output to an alterna¬ 
tive track after the first 256 
bits have been transmitted. 
The address scan of the 
counter is recycled for the 
second track. The switch is 
mounted on a piggyback 
board over the main PC 
board and may be made of 
perfboard or any other suit¬ 
able material. A PC board is 
not really necessary be¬ 
cause of the simplicity of 
the circuit; six connections 
to the main board are re¬ 
quired. 

A CD4016 quad analog 
switch, of which three sec¬ 
tions are used, is the base of 
the message switch. The 
MSG1 and MSG2 outputs of 
the PROM (or any two as se¬ 
lected) are routed through 
switches 1 and 2. Switch 1 is 
normally closed via a high 
on U9-13 from the + 5-volt 
line through 100k. Switches 
2 and 3 are open because of 
a low condition on U9-5 and 
U9-6. MSG1 is routed to the 
output 

When a count of 256 is 
reached, U3-1 goes high, 
turning on switches 2 and 3. 
MSG2 is now routed to the 
output The closure of 
switch 3 to ground pulls the 
switch 1 control line low, re¬ 
moving MSG1 from the out¬ 
put The address lines to the 
PROM recycle through all 
the 256 addresses or less, de¬ 
pending on the reset strap¬ 
ping, sending the second 
portion of the message The 
reset-strapping options for 
messages over 256 bits long 
are: 


• maximum 320 bits: strap 
to output pins 1 and 14. 

• maximum 384 bits: strap 
to pins 1 and 15. 

• maximum 512 bits: strap 
to pin 2. 

The circuit could presum¬ 
ably be extended on the 
same principle for message 
lengths up to the full 
1024-bit capacity of the 
PROM; however, few appli¬ 
cations would require mes¬ 
sages of this length. The av¬ 
erage repeater ID requires 
considerably less than 256 
bits. 

Programming 

Considerations 

The circuit as designed 
uses tri-state 256X4 PROMs 
such as the Tl 24S10, Sig- 
nectics 82S129, National 
74S287, or their equivalents. 
This avoids the use of exter¬ 
nal pull-up resistors required 
with open-collector-output 
versions. The Tl 24S10, 
which we used, requires that 
you burn those bits which 
are zeros in the message; 
that is, you burn the spaces 
and skip the dots and 
dashes. Other chips may re¬ 
quire the opposite condition 
to this and it is best that you 
check the data sheet for the 
one you are using before 
proceeding to program it. 

A delay of three or four 
bits should be programmed 
as spaces at the beginning of 
the message to allow the 
PROM voltage and the 
counter to stabilize, avoid¬ 
ing missing bits in the out¬ 
put You will have to bum 
spaces from the last bit of 
the message to 1 bit beyond 
the reset point selected (at 
least with the Tl chip). 

To ease the construction 
work and programming, the 
authors are offering as a 
package a double-sided, 
plated-through circuit board 
plus a PROM programmed 
with the message of your 
choice, for $10.00. If you 
have any queries on the cir¬ 
cuit we would be glad to try 
to answer them as best we 
can. An SASE (US postage 
OK) would, as always, be ap¬ 
preciated. ■ 
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Al Cikas KA9CDL 
2112 Stonehenge 
Springfield IL 62702 


Quick Qwip Conversion Fax 

Seeing is believing. A few dollars and a weekend 
will turn this surplus unit into a reasonable facsimile. 


A relatively new piece of 
fax gear has reached 
the surplus market in large 
numbers. The Qwip® 1000 is 
a solid-state send/receive 
unit manufactured in the 
mid to late 1970s. Circuitry 
is virtually all 1C chips, and 
common ones at that These 
model 1000 machines are 
available currently because 
they were recently replaced 
with the newer and more so¬ 
phisticated model 1200. The 
units look similar, but the 
electrical circuitry is vastly 
different. 

The scope of this article is 


introductory. These units 
are certainly worthy of con¬ 
version for fax work, and 
since it is likely that the 
newer models will also show 
up as surplus in the near 
future. I'll try to cover the 
differences as well as the 
operational characteristics. 

The Qwip units were de¬ 
signed originally for busi¬ 
ness office use and are easy 
to operate. The basic design 
includes a telephone hand¬ 
set cradle, called a cou¬ 
pler, for sending or receiving 
over long-distance tele¬ 
phone lines. In this way, con¬ 


tracts, manuals, and other 
documents may be transmit¬ 
ted immediately from one 
business office to another. 
At the sending unit, a docu¬ 
ment is placed on the drum 
and the selector switch over 
the drum is placed in the 
send mode. Each machine 
has a two-position send 
switch. In normal use, com¬ 
patible with most other fax 
machines, the 6-minute send 
position is used. The alter¬ 
nate position is for a 4-min¬ 
ute send duration and 
should be used only with 
other Qwip machines set for 


that duration. As soon as the 
send button is pressed, the 
unit begins transmitting its 
image to another unit. 
That's all there is to sending. 

On the receive end, the 
operator places an 8" X10" 
piece of fax paper on the 
drum and sets the selector 
switch to receive. A one-way 
clutch knob located on the 
right side of the roller drum 
opens a lock rail on the 
drum. After the paper edge 
is placed in the roller clamp 
rail, the clamp is closed and 
the paper is secured to the 
drum. The other edge of the 
paper remains free, but may 
be taped down if desired By 
prearrangement, a 6-minute 
or 4-minute speed is then se¬ 
lected to match that of the 
sending unit. Then the tele¬ 
phone handset is placed on 
the cradle. 

In the receive mode, the 
drum and stylus do not oper¬ 
ate until the unit senses the 
send signal of 2400 Hz. A 
566 tone decoder then acti¬ 
vates the drum circuit The 
receive unit, once started, 
will continue to print until 
the read/write assembly tra¬ 
verses the drum, the phone 
line is cut off, or the unit 
is switched off 

Qwip units will not send 
or receive if the drum com- 


□ 




Fig. 1. Wiring connections for Qwip 1000/1200. 
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A fax copy on HF (8.08 MHz) with bio tuned to 2400 Hz. 120 
rpm; a Qwip 1000 conversion. 


partment lid is left open. A 
reed switch activated by a 
magnet in the lid handle will 
idle the drum and circuits. 
At the end of normal opera¬ 
tion, or in case of failure of 
some sort, a 555 timer chip 
buzzer will sound. 

So much for normal 
operation. There are a cou¬ 
ple of other minor controls 
and they are self-explana¬ 
tory. As with any other piece 
of surplus, the Qwip units do 
not come complete with 
peripherals, namely, the ac 
patch cord and phone cra¬ 
dle, but for amateur radio or 
weather fax use this is no 
disadvantage 

The best way to ensure 
you'll get a working Qwip 
from surplus is to buy 
several and use 2 or 3 bad 
ones to make one good one. 
Reasons: For one thing, 
manuals and schematics are 
almost nonexistent. Also, 
many units have had holes 
drilled through crucial parts, 
wrecking each unit from 
a repair standpoint. For¬ 
tunately, the folks who 
drilled these never hit the 
same spot twice from unit to 
unit. In my case, I bought 2 
units; one had holes in the 
circuit board, but the other 
only had a wrecked wiring 


harness. With one intact 
board and one good harness 
I soon had a like-new unit I 
should mention that these 
units will require a good 
cleaning before they are fit 
to use. 

The Qwip 1000s now 
available were brought in 
for repair but the dealers 
just gave out new 1200s in 
exchange. Any Qwip 1000 is 
bound to need repair. Most 
Qwips are sold with com¬ 
plaint cards still attached. 
One of mine read "noisy 
motor." The problem turned 
out to be a bent fan blade, 
remedied with an appropri¬ 
ate twist A damaged wiring 
harness was the only other 
problem I uncovered. I 
recommend buying several 
units though, for another 
reason: The plug and socket 
connectors for the ac patch 
cord and phone cradle are 
interchangeable, and by 
robbing several Qwip units 
you can get a complete set 
of male/female connectors. 
As small as the Qwip units 
are, there is room to mount 
other plugs, if needed. 

Fig. 1 shows the necessary 
plug/socket wiring. To make 
a Qwip unit workable, the 
jumpers must be added for 
normal use. (The view is of 


the outside of the Qwip.) 
This connection diagram will 
work for any model 1000 or 
1200. The contacts identified 
as circles are used. The X 
contacts are unused. In trac¬ 
ing out the wiring harness to 
these sockets, you may find 
wires that go to these X pins, 
but do nothing. They may be 
removed or ignored. 

Mechanical operation of 


the Qwip units is limited and 
there's not much to go 
wrong. The end bearings of 
the drum shaft should be in¬ 
spected, lubricated, and if 
necessary, replaced. The 
stylus relay on top of the 
drum operates a copper 
stylus arm which holds a 
steel wire. Should the wire 
get broken or used up, it is 
very easy to repair. Just 



Fig. 2. Details for the 120-rpm speed conversion for the Qwip 1000. 
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Top view of the unconverted Qwip 1000 showing the original 
shaft coupler in place. Note the bent fan blade. 

remove the copper contact with the drum. The steel 
arm and solder a bristle wire should not contact the 
from a wire brush to it drum when the relay is de- 
Replace the copper arm and energized, 
manually operate the relay The drum speed of the 
to check for good contact standard Qwip unit is 180 



An actual weather satellite image taken from a converted 
Qwip. Lake Winnipeg is in the upper left-hand comer. 


Top view of the converted Qwip 1000 and the original 
coupler that was removed. The motor will mount either right 
side up or, as here, inverted. 


rpm, which is compatible 
with many other office-style 
fax machines. This speed is 
common on amateur radio 
frequencies, and once a 
Qwip unit is working proper¬ 
ly it should be easy to inter¬ 
face it with radio gear for 
sending or receiving. Qwip 
paper is good for letters, 
callsigns, etc., but I recom¬ 
mend photocopy paper (Xe¬ 
rox®, etc.) for photographs. 

The Qwip 1000 is mechan¬ 
ically similar to the 1200, 
but electrically they have lit¬ 
tle in common. The Qwip 
1000 motor, for example, is 
a basic ac-synchronous me¬ 
chanical motor, bulky and 
heavier than its 1200 coun¬ 
terpart, and it lends itself eas¬ 
ily to speed conversion for 
weather work. By contrast, 
the motor in the 1200 series 
is a dc-driven servo-motor 
no larger than a C-size bat¬ 
tery cell. Its speed is crystal- 
controlled and would be dif¬ 
ficult to adjust without a 
technical manual. The Qwip 
crystal frequency for this 
motor is 20 kHz. The 1200 
chassis sports a separate cir¬ 
cuit board to drive the 
motor, consisting mostly of 
7400-series circuit chips. The 
1200 power transformer is 
bigger, no doubt to accom¬ 
modate the added circuit 
board. In general, the wiring 
layout is cleaner on the 
1200, and the pots contain 
more glue to secure their 
positions. 


The main circuit boards 
look similar in both the 1000 
and 1200, but the parts 
layouts change once you get 
past the power-supply di¬ 
odes. None of the adjust¬ 
ment pots is captioned or 
identified. The few pots I 
could decipher were not 
located near the chip they 
control. The 1200 also has a 
switch labeled Compatibili¬ 
ty Selector. For this, the cir¬ 
cuit board contains an extra 
relay. In operation, the 
switch makes an LED flash 
for compatibility with a 
Qwip 1000 or bum steadily 
when it is to be used with 
another 1200. 

For power, the Qwips pro¬ 
duce two voltage levels. 
One is plus and minus 15 
volts to drive the op amps, 
TTL chips (5 volts), and relays 
(12 volts). The other level is 
approximately 200-300 V dc 
for the stylus to burn the 
paper. 

The one factor responsi¬ 
ble for the Qwip 1000's early 
introduction to the surplus 
market had to be its 
mechanical design and the 
flaws therein. The Qwip 
1000 used the same low-cost 
plastic material throughout 
its mainframe. This plastic 
held up poorly and suffered 
mechanical stress resulting 
in many cracks throughout 
the main subassembly- 
right where the drum roller 
functions, to be exact Thus, 
the model 1000 series prob- 
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The Qwip 1000 (top) and the nearly-identical Qwip 1200. 


ably has flaws in the worst 
possible places for amateur 
fax work. Nor does the plas¬ 
tic material mend easily 
with glue—another reason 
for purchasing more than 

The 1200 overcame this 
problem by changing the 
subframe material to a 
much stouter fiberglass. 
Along with an improved 
electrical design, the 1200 
hosts a lighter-weight roller. 
Its bearings have less drag. 
The Qwip 1000 used a slot¬ 
ted roller with a cutting 
blade mounted in the read/ 
write head. The 1200 model 
uses a smoother roller and 
no cutter, indicating that an 
improved phasing circuit 
has been added. Neither 
type of roller is made of 
electrically-conductive ma¬ 
terial. Grounding is achieved 
through a set of mechan¬ 
ical fingers which rest 
against the roller and are 
located at the very bot¬ 
tom of the machine. Partial 


conductivity can be made 
through the retaining clamp 
built into the drum roller, 
but this is not a good con¬ 
ductive path for the stylus. 
The 1200 is not a copper/ 
steel assembly as used in the 
1000 series; the 1200 stylus is 
a wire-filled fiber. 

Considering that the Qwip 
units cost several hundred 
dollars new and are go¬ 
ing for fifteen to thirty now, 


the mechanical drive system 
alone is worth the asking 
price. The circuit boards are 
a bonanza for ICs and tan¬ 
talum capacitors. Parts and 
component values are com¬ 
pletely standard. 

Like most fax machines 
made commercially, the 
Qwip machines easily lend 
themselves to modification. 
Fig. 2 shows a mechanical 
gear-reduction assembly that 
can be used for chang¬ 
ing the drum speed to 120 
rpm for weather fax opera¬ 
tion. Although the gears are 
shown spread out, the ac¬ 
tual assembly fits into an 
area narrower than a Band- 
Aid™ box. The drawing gives 
location details of the parts 
needed. Using the arrange¬ 
ment pictured there, the 
conversion requires only 
one very carefully placed 
hole to be drilled in the 
Qwip sub-chassis just under 
the drum-roller shaft hole. 
(This is another good reason 
to own more than one Qwip 
—practice.) Originally, the 
motor shaft was directly 
coupled to the drum shaft 
and this coupling can be 
restored if 180-rpm opera¬ 
tion is ever desired again. 
The original motor mount¬ 
ing holes are preserved; the 
motor is just moved back a 
wee bit. This conversion re¬ 
quires some degree of care 
and patience, but is not dif¬ 
ficult. The four gears neces¬ 
sary are all that need to be 
purchased. The other parts 
are fashioned from scrap 


State of the Art Kits by Hal-Tronix, Inc. 



About the gears: I have 
labeled them gears A, B, C, 
and D. A and B do the speed 
reduction but leave the 
quarter-inch shaft turning 
the wrong direction Gears C 
and D are for direction 
reversal. They wouldn't be 
necessary except that the 
drum-roller shaft rides on a 
one-way bearing located at 
the right side of the Qwip 
subframe. As it turns out, 
the gears needed fit just fine 
with little effort. 

Gear A is a Boston gear 
#H3220 and is the only gear 
that comes with a Vi-inch 
hub diameter. All others re¬ 
quire hub bushings and they 
are reasonably priced. Gear 
B is a Boston gear #H3230. 
Gears C and D are identical. 
You might try Boston #3226, 
although you may need to 
go up or down one size in 
order to reach a proper fit. I 
did the whole conversion in 
one day, making it up as I 
went along. Once finished, 
conversion to or from 180 
rpm takes just a few 
minutes. 

In HF work where the 
transmit tone is 400 Hz, try 
using a bfo pitch tuned to 
2400 Hz to activate the 
drum-rotation circuit. The 
bfo tone has almost no ef¬ 
fect on picture quality. Sig¬ 
nals are generally available 
on 8,080 and 10,865 MHz 
and produce good results on 
a Qwip. 

The Qwip units will print 
from a whisper. It is all too 
easy to overdrive the input 
to the point where the drum 
will stop turning because 
the tone decoder is 
overloaded A 100k trim pot 
is recommended for the input 
line. It should cure most 
troubles, although internal 
adjustments may also be re¬ 
quired. 

Judging by the many ap¬ 
plications for which the 
Qwip components may be 
used and the very low price 
tag, the Qwip 1000 or 1200 
could easily rank with the 
ARC-5 units as the surplus 
buys of the century. ■ 
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terry Hinshaw N6 IH 
4558 Margery Drive 
Fremont CA 94538 


No-Etch Circuit Boards 

Produce quality PCs with N6JH's cut-and-pry technique. 


O ne of the more persis¬ 
tently recurring prob¬ 
lems with home-brew proj¬ 
ects is making printed circuit 
boards, Amateurs have used 
many approaches to this 
dilemma, and numerous ar¬ 
ticles describe schemes rang¬ 
ing from the most sophisti¬ 
cated photographic and 
etching techniques to the 
crudest methods of drawing 
the traces directly on a 
board. But one of the more 
overlooked ways to make 
prototype boards is to bypass 
entirely the printing and 
etching and directly cut the 
conductive traces by hand. 

Many of the boards used 
by amateurs, especially for 
high-frequency work, are sim¬ 
ple. They have few traces, 
the trace widths are relative¬ 
ly large, the traces are mainly 
or entirely on one side of the 
board, and the required tol¬ 


erances are not especially 
critical. Such designs are 
easily and quickly produced 
by a direct method which re¬ 
quires only a sharp knife and 
a soldering iron. This article 
describes how to make such 
boards and illustrates the 
process with a hand-cut rf 
board. 

This process involves four 
basic steps: preparing the 
artwork used to guide the 
cutting, scoring the traces, 
peeling away undesired cop¬ 
per, and building the final 
circuit. Each of these steps 
will be described in detail. 

Preparing the Artwork 

The first step in hand¬ 
cutting a board is to decide 
where to cut. The best ap¬ 
proach is to prepare a draw¬ 
ing of the desired circuit 
traces which can be used to 
guide the knife. This can be 


done a number of ways. If, 
for example, the circuit to 
be built is described in a mag¬ 
azine article which includes 
a printed-circuit-board pat¬ 
tern, this pattern itself, or a 
photocopy, can be used. Al¬ 
ternatively, a design can be 
drawn on paper and used as 
the guide. 

If the design is to be trans¬ 
ferred from a magazine 
page, it is best to make a 
photocopy. This not only 
preserves the original in 
case more than one board is 
needed, but also it gives bet¬ 
ter results because the 
paper used in magazines is 
usually too thin and slick, 
while a sheet of photocopier 
paper will be less likely to 
wrinkle during cutting. 

If you are making your 
own drawing, it is best to 
make it larger than final size 
to reduce drafting tolerance 
errors. This, of course, is the 
technique used in the nor¬ 
mal photographic produc¬ 
tion of printed circuit 
boards, where the artwork is 
typically two or four times 
as large as the final board. In 
photographic work, a large 
studio camera is used to 
make the reduction, which 
produces a very accurate re¬ 
duced image. This accuracy 
is not needed for hand-cut 
boards, so we can use a sim¬ 
pler and less expensive tech¬ 
nique. 

The key to a simpler and 
cheaper reduction lies in the 
widespread availability of 


photocopiers which can re¬ 
duce the size of an original 
document This feature is 
designed to make it possible 
to print large documents on 
small paper and was never 
intended for the production 
of accurate artwork, but it 
serves well enough for our 
purposes. 

Photocopiers with reduc¬ 
tion capability typically re¬ 
duce by at least two dif¬ 
ferent factors. The two most 
common appear to be 77% 
and 64%. If original artwork 
is reduced by 77% and the 
resultant copy is itself fur¬ 
ther reduced by 64%, the 
final copy is smaller by a 
factor of .77 X .64 = .493. 
Thus, if the original was 
twice the desired final size, 
the second copy will be the 
desired size with a deviation 
of only a few percent. 

No matter which ap¬ 
proach is used to produce 
the artwork, the next step is 
to cut it out and paste it di¬ 
rectly onto the circuit 
board's copper surface. One 
of the better glues for this 
seems to be regular rubber 
cement This glue quickly 
sticks the paper to the cop¬ 
per, the artwork can be 
smoothed to remove air 
bubbles, and the paper is 
firmly held during cutting. 
After cutting, the paper is 
easily peeled away; the rub¬ 
ber cement leaves no resi¬ 
due to interfere with sol¬ 
dering. 

Up until now the assump- 



Photo A. The paper artwork has been cemented to the copper- 
clad circuit-board stock, and a steel ruler is used to guide the 
razor knife along straight lines to score the copper. 
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Photo B. The copper to be removed is first lifted at one end Photo C. After the edge of the copper strip is lifted a bit, grasp 
by simultaneously heating the area and sliding a knife point it with a pair of needle-nose pliers and smoothly peel away 
under the piece. the strip. 


tion has been that the circuit 
traces are found on only one 
side of the board, and that 
the other side is either blank 
(a single-sided board) or is 
covered with an unbroken 
ground plane (as is common 
in rf microstrip circuits). If 
traces must be cut on both 
sides, some way to align the 
two sides is needed. One 
way to do this is to drill a 
few alignment holes as aids 
in lining up the two sides. 
Other than this, production 
of a two-sided circuit is the 
same as a single-sided board. 

Cutting the Traces 

Once the paper pattern 
has been glued to the sur¬ 
face of the board, the next 
step is to score the edges of 
the traces. This step requires 
a sharp knife, a steel ruler, 
and a bit of care. 

The best knife to use for 
cutting the traces is a hob¬ 
byist's razor-edge knife. This 
knife should have a razor- 
sharp blade stiff enough so 
that moderate pressure can 
be applied to score the cop¬ 
per. It should also have a 
handle—don't try to cut 
with a bare razor blade or 
the results could be gory. 

It is at this point that you 
realize the advantages of 
circuit traces which are 
straight lines. The steel ruler 
serves as a guide for the 
knife blade when cutting 
straight lines and provides 
maximum accuracy. Curves 


can be cut, but they must be 
cut freehand, or else some 
type of cutting jig must be 
found. A drafting "French 
curve" would probably 
serve. No matter what type 
of guide is used, it seems 
best to apply moderate pres¬ 
sure and to go over the line 
to be cut several times If 
cutting freehand, make the 
first cut for accuracy and 
then go over that scored line 
several times. The object is 
not necessarily to cut all the 
way through the copper, but 
rather to produce a heavy 
score line along which the 
undesired copper can be 
peeled away. 

Go over all of the lines to 
be cut and check to see that 
none has been missed; once 
the paper has been peeled 
away, it is harder to add 
missed traces Next use a 
center punch or awl to dim¬ 
ple the copper at all the lo¬ 
cations where holes are to 
be drilled. 

Photo A shows the first 
steps of the cutting process. 
A simple rf board, in this 
case a microstrip directional 
coupler for the 1296-MHz 
band, has its photocopied 
artwork glued to the copper. 
The knife is guided along the 
lines by the ruler to accu¬ 
rately score the traces. 

Now strip off the paper 
artwork and remove any of 
the rubber cement which re¬ 
mains on the board. A rub¬ 


ber pencil eraser works well 
to roll any remaining bits of 
glue off the copper. Inspect 
the board to see that none 
of the lines or hole guides 
has been forgotten. 

Peeling Off 
Unneeded Copper 

The next step involves re¬ 
moving the undesired areas 
of copper. This is easily 
done with the point of the 
razor knife and the aid of 
some heat from a soldering 
iron. 

Printed-circuit-board ma¬ 
terial has a surface layer of 
copper glued to a fiberglass 
base material. If the copper 
is heated a bit, the glue's 
grip is greatly reduced, as 
anyone who has ever "lifted" 
a printed circuit pad has dis¬ 
covered. This tendency can 
be used to our advantage, 
though. 

Apply a bit of heat to the 
edge of one of the copper 
pieces to be removed, and 
at the same time gently slide 
the point of the knife under 
the edge of the copper. The 
copper will lift easily in the 
heated area. Lift a large 
enough piece of copper so 
that a pair of needle-nose 
pliers can get a grip Photo B 
shows the edge of a trace 
being lifted this way. 

Then, without using more 
heat, a strip of copper can be 
gently pulled away from the 
board, as shown in Photo C. 
With some care, a large piece 


of copper can be stripped 
away. Usually the stripped 
piece will break when a 
scored line is reached. At 
this point, use the knife and 
soldering iron to again lift a 
corner and continue with 
the pliers. 

Sometimes the most diffi¬ 
cult part of stripping away 
the undesired copper is to 
avoid removing circuit traces. 
In the effort to carefully 
remove small areas of cop¬ 
per, it is easy to lose sight of 
the larger picture and remove 
desired pieces as well. To 
avoid this, color in the areas 
to be saved with a felt-tip 
marker before peeling. 

After all of the excess 
copper areas have been re¬ 
moved, drill all of the holes 
in the board using the dim¬ 
ples as drill-centering guides. 
Clean the board with rosin 
flux remover, and it is ready 
for assembly. 

Summary 

Prototype circuit boards 
can be produced quickly by 
using these simple tech¬ 
niques. With practice, nearly 
any board can be cut by 
hand, not only simple rf 
boards, but more intricate 
analog and digital circuitry 
as well. The results, while 
not up to the standards of 
printed circuit boards, are 
nevertheless satisfactory for 
many amateur projects; the 
low cost and rapidity of the 
method are unbeatable! ■ 
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Disco Duckie? 

Try some dirt-cheap headphones for your HT. 


Carl Peterson N6C5 / 
PO Box 4432 
Chico CA 95927 



I f you are supplying com¬ 
munications for a parade 
or other event with a noisy 
background, a set of light¬ 
weight headphones is an 
asset, especially if you are 
tired of holding the speaker 
mike (SMC-24) up to your 
ear on a cold winter day. 
Borrow the stereo head¬ 
phones from a Walkman- 


type radio and make the 
adapter in Fig. 1. If the head¬ 
phone plug accidentally 
disconnects, it will automat¬ 
ically switch back to the 
speaker mike. Its resistance 
is 9.4 Ohms, and that of the 
the headphones used was 
16.8 Ohms (in parallel). All 
parts were obtained from 
the local Radio Shack. ■ 



Fig. 1. TR-2400 modification. 


Your Ham Tube 

Hcadquarto^! 


BOUGHT, SOLD AND TRADED 

! oAwct« HIGH SSS FOR YOUR TUBES | 


Call Toll Free 800-221-0860 


Tubes 


3-400Z. 

. . . $85.00 

7360. 

.$10.00 

3-500Z. 

.... 85.00 

7735A .... 

.27.50 

4-400A. 

.... 80.00 

8122. 

.105.00 

4CX250B .... 

... 55.00 

8156. 

.12.50 

572B. 

.... 48.50 

8643. 

.82.50 

811A. 

. ... 12.00 

8844. 

.26.50 

813. 

.... 30.00 

8873. 

.175.00 

6146B. 

.7.00 

8874. 

.195.00 

6360. 

.4.25 

8877. 

. 495.00 

6883B. 

.6.75 

8908. 

.12.50 


Semiconductors 


MRF 245/SD1416.$30.00 

MRF 644 .. 

. $23.95 

MRF 454. .. . 

.... 14.95 

SD1088 . . . 

. 19.95 

MRF 455. . . . 

.... 10.95 

2N3055 . . . 

.75 



2N6084 . .. 

.12.50 


RF Connectors 


PL259. 

. 10/$4.95 

M358. 

.2.50 ea. 

PL258. 

. .10/8.95 

M359. 

.1.75 ea. 

UG175/176. . . 

. . 10/1.60 

Type **N” Twist on 

UG255/U. 

.2.50 ea. 

(RG8/U). . . 

.. $4.75 ea. 

UG273/U. 

.2.25 ea. 

Minimum Order $25.00 

4B& 

Call CECO For Your 

m COMMl 
T- 2115 Av 

USTRY since 
COTV Security 

snue X Brooklyn, NY 11235 
W Phone (212) 646-6300 

In d Color Production Requirements 


AIR-WOUND INDUCTORS 



B&WMiniductors® and Air-Dux®’ have been 
the industry standard for over 50 years, 
wherever radio-frequency coils are used. 

• For the experimenter, the radio amateur, the 
manufacturer 

• Available in diameters from Vi' to 6" 

• Wire sizes from #24 to #8 AWG 

• Also edge-wound and tubing coils for high-power 
applications 

Call or write for complete specifications 

AU OUR PRODUCTS MADE IN USA 


Quality Communication Products! 

At your Distributors Write or Cali 
10 Canal Street. Bristol PA 1V007 

( 215 ) 785-5551 
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Robert K. Morrow, lr. WB6CTM 
3650 Rocky Knoll Drive 
Colorado Springs CO 80918 


Ntty Grtty RTTY 

Tomorrow, to Morrow, is too late. Build this 
easy Timex/Sinclair interface today and be on the air tonight 


M any would-be RTTY 
enthusiasts no doubt 
are dismayed when they dis¬ 
cover the potential high cost 
of quality RTTY gear. Al¬ 
though many inexpensive 
computers are on the mar¬ 
ket today, the cost of the in¬ 
terface and software usually 
far exceeds the price of the 
computer itself. 

The Timex/Sinclair (T/S) 
computer is a very low cost, 
self-contained system. With 
an ordinary cassette record¬ 
er, a black-and-white televi¬ 


sion, and the transceiver in¬ 
terface system and software 
described in this article, you 
can have a complete RTTY 
terminal: 

1) You will be able to 
transmit and receive Baudot 
code at 60, 66, 75, and 100 
words per minute with a 
170-Hz or 850-Hz shift, and 

2) Receive 425-Hz shift 
commercial Baudot code 
broadcasts at all speeds 
listed above. 

3) It will have a simple 



Photo A. The Timex/Sinclair computer, along with a TV, cas¬ 
sette recorder, interface unit, and a transceiver, make up the 
complete RTTY station. 
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transmit/receive control with 
an optoisolated T/R switch, 

4) LED indicators for high 
and low received tones, with 
carrier detect for simple 
tuning, 

5) 850-Hz and 170-Hz six- 
pole active bandpass filters 
to combat QRM, and 

6) An audio frequency- 
shift keying (FSK) monitor 
during transmit to ensure 
that the typed character is 
sent. 


7) Everything is powered 
by the T/S computer power 
supply. 

At today's prices, the 
computer and interface cir¬ 
cuit together will cost about 
$100. 

The software and a full- 
display screen will fit into 
the 2K of random-access 
memory (RAM) provided 
with the Timex/Sinclair 
TS-1000 with no modifica¬ 
tions required to the com- 



Photo B. The interface unit is versatile enough for the various 
amateur and commercial RTTY code-reception schemes , as 
well as 170-Hz and 850-Hz transmission using standard mark 
and space frequencies. Note the toroid rf chokes on the com¬ 
puter power and video cables. 










puter itself. My software 
went into a Sinclair ZX81 
which I converted to 2K of 
RAM through a simple chip 
substitution described in 
this article. 

I have learned to touch- 
type on the Sinclair's mem¬ 
brane keyboard and seem 
to do about 30 wpm. For 
heavy use, you will probably 
want to attach one of the af¬ 
ter-market full-stroke key¬ 
boards. 1 

If you are unfamiliar with 
the mechanics of RTTY, you 
might want to read the intro¬ 
ductory article by W9IF 2 for 
an excellent explanation of 
the basics. 

FSK Receiver 

The receiver section of 
the RTTY interface is built 
around a high-quality filter 
section followed by a phase- 
locked-loop (PLL) tone-de¬ 
coder chip. Low-level audio 
tones are amplified by the 



Fig. 1. Schematic of the 170-Hz and 850-Hz active bandpass filters. 


741 preamp (Fig. 1) and then and go a long way toward ommends the use of single 
processed by selectable six- eliminating nearby QRM. Be 741 op-amp packages rather 
pole bandpass filters for sure to use polystyrene or than the dual or quad types, 
either 170-Hz or 850-Hz mylarTM capacitors on the The passband of each filter 
shifts. The filters are based op amps for temperature stage is calculated by divid- 
upon a design by K20AW 5 stability. K20AW also rec- ing the center frequency by 



Fig 2. Schematic of the computer interface circuit, along with the RTTY tone encoders and decoders. 
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Fig. 3. Timex/Sinclair computer rear-connector pinout diagram. This diagram applies to both 
the ZX81 and TS-1000. 



Fig. 4. ZX81 computer circuit-board integrated-circuit layout. 
To convert the computer RAM to 2K, remove the 2114/4118 
chipfs) and replace with a 201 6 or 6116 chip at location IC4. 
Ensure jumper LI is open, and connect a wire across L2. Parts 
are available from lameco Electronics, 1355 Shoreway Road, 
Belmont CA 94002. 


the Q, both of which are giv¬ 
en in Fig. 1 for each filter 
stage. If you have the proper 


i-f filter in your receiver, you 
can eliminate the audio 
bandpass filters, but since 


these are tailor-made for 
RTTY, you may want to in¬ 
clude them anyway. 

The appropriate filter is 
selected by SI, which sends 
the tones to the input of 
the XR-2211 tone decoder 
(Fig. 2)>* S2b and S2c select 
170-Hz shift tones for HF 
amateur RTTY or 850-Hz shift 
tones for both VHF amateur 
and 425-Hz shift commercial 
signals. The zener regulator 
on pin 1 of IC4 eliminates rip¬ 
ple from the T/S computer's 
9-V supply for reliable de¬ 
coding. 

The carrier detect and da¬ 
ta lines of IC4 are sent to 
IC5b, which provides nor¬ 
mal and reverse logic data 
through S4. At this point, the 
frequency-shifted audio has 
been converted to TTL-com- 
patible logic levels. The two 
LEDs on the output pins of 
IC5b indicate high and low 
tone frequencies present at 
the input of the decoder. If 
proper audio tones are not 
present at the input to IC4, 
the carrier detect line is 
pulled low and both LEDs 
are extinguished. This sys¬ 
tem takes the guesswork out 
of tuning the RTTY station 
properly. 

8251 Programmable 
Communications Interface 

The Baudot-encoded seri¬ 
al data is now sent to pin 3 
of IC1, an Intel programma¬ 
ble communications inter¬ 
face chip. 7 This device as¬ 
sembles a complete 5-bit 
character from the serial da¬ 
ta at pin 3 and signals the 
Z80 central-processor unit 
(CPU) of the T/S computer 
during the next status read 
operation. The CPU then 
performs a data read and ac¬ 
cepts a complete character 
to be decoded and dis¬ 


Photo C. The interface circuit was built on proto boards 
available at Radio Shack. The top board (shown) contains the 
digital portion of the circuit while the lower board contains 
the filters and tone generator and decoder chips. No printed 
circuit board is available. The DIN socket is used for the ca¬ 
ble to the mike jack on the transceiver, and a standard phono 
patch cord connects receiver audio to the phono jack. Both 
of these cables should also have toroid chokes attached to 
prevent RFI. The knob on the rear panel controls the audio¬ 
monitor volume. 
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Fig. 5. Flowchart for the 
receive portion of the 
assembly code. 


played. The T/S computer 
cannot perform the serial-to- 
parallel character conver¬ 
sion itself, in real time at 
least, because the majority 
of its computation time is 
used to generate the display 
and a portion of nearly ev¬ 
ery character would there¬ 
fore be lost Of course, the 
8251 chip solves this prob¬ 
lem neatly. For more infor¬ 
mation on the 8251, you 
should refer to the Intel Mi¬ 
crocomputer Data Book. 

IC6a provides a master 
clock of about 1 MHz for 
the 8251, and IC2 is an 
astable multivibrator acting 










Fig. 6. Receive assembly-code listing. 


as a baud-rate generator for 
60-wpm (45-baud), 66-wpm 
(50-baud), 75-wpm (57-baud), 
and 100-wpm (75-baud) data 
rates. A poweron reset 
pulse is provided by IC6d. 
The 8251 chip is selected 
through IC5a; during this 
time the internal T/S com¬ 
puter memory is disabled by 
IC6c and Q3. 

FSK Generator 

When transmission be¬ 
gins, the 8251 is given a com¬ 
mand by the CPU and pin 23 
is driven low, causing the 
optoisolated T/R switch to 
close and the audio monitor 
(IC7) to come on. Also, the 
XR-2206 tone generator (IC3) 
is activated when Q1 cuts 
off. The tone generator and 
monitor do not operate dur¬ 
ing receive to avoid interfer¬ 
ence to the tone decoder. 

When a valid Baudot 
character is entered on the 
computer's keyboard, this 
character is loaded into the 
8251 which clocks the data 
serially out of pin 19, 
through the normal/reverse 
switch, S3, and to pin 9 of 
IC3. This function-generator 
chip produces a 2125-Hz 
mark tone when pin 9 is low 
and a selectable 2295- or 


2975-Hz space tone when 
pin 9 is high.*-* The mark and 
space tones are inverted 
when S3 is set to reverse. 
The selector switch. S2a, is 
ganged with S2b and S2c to 
ensure identical receive and 
transmit shifts. 

Hardware Construction 

Be sure to build the inter¬ 
face circuit in a metal box 
(Photo B), and keep the 
wires to the T/S computer 
short or you won't believe 
the RFI you'll get A 46-pin 
,100-inch-spaced edge-card 
connector for the T/S com¬ 
puter back-panel can be 
made by cutting down a Ra¬ 
dio Shack 276-1545. The re¬ 
quired computer signals can 
be tapped off this connector 
by referring to Fig. 3. 

Note the toroid-core 
chokes on the power and 
display wires to the comput¬ 
er and on the transmit and 
receive lines to the rig. 
These chokes help keep 
computer noise out of the 
rig and transmit rf out of the 
computer. With my system 
as shown, computer noise in 
the receiver is virtually nil, 
and 100 Watts of continu¬ 
ous RTTY-transmit power 
will not affect computer op¬ 



eration. If you have RFI 
trouble, try changing equip¬ 
ment positions, ground con¬ 
nections, antenna location 
(if possible), and the number 
of turns of wire on the toroid 
chokes. 

The adjustment proce¬ 
dure is straightforward. Set 
each filter pot (Fig. 1) for the 
desired response; the 1 k and 
2k pots adjust center fre¬ 
quency and the 500k pots on 
the 2085-Hz and 2310-Hz 
sections adjust the Q. The 
single-stage filter elements 
all have their Q fixed at the 
value shown on the sche¬ 
matic. Set the pots on the 
555 (IC2) and the XR-2206 
(IC3) for the frequencies 
shown (Fig. 2). You can acti¬ 
vate the XR-2206 by tempo¬ 
rarily grounding the base of 


Q1. Now feed the transceiv¬ 
er mike signal from IC3 to 
the input of IC4 and adjust 
the two pots on S2b for reli¬ 
able switching while using 
the LEDs as indicators. As an 
alternative, an audio genera¬ 
tor will allow more precise 
alignment of IC4. 

The two pots on S2b 
should be set so that the da¬ 
ta (IC4 pin 7) changes logic 
level when the input tone 
frequency is about halfway 
between the respective 
mark and space frequencies 
for the 170-Hz and 850-Hz 
shifts. Also, ensure that the 
carrier detect (IC4 pin 6) is 
pulled high for the mark and 
space input tones. 

Assemble the jumper ca¬ 
bles between the interface 
box and your rig. I used a 
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DIN socket on the box and a 
2-conductor shielded cable 
between the box and my 
transceiver mike jack. Be 
sure to add the toroid choke 
before soldering the DIN 
plug onto the interface box 
end of the cable. A common 


stereo patch cord with pho¬ 
no plugs on each end carries 
the receive audio from the 
rig to the interface box. 

ZX81 2K RAM 
Modification 

If you intend to use the 



Fig. 8. Transmit assembly-code listing. 
42 73 Magazine • September, 1984 


ZX81 computer in your 
RTTY system, you'll need to 
replace the IK RAM chips 
with 2K of RAM to make 
room for the software and 
display requirements. (The 
TS-1000 already has 2K of 
RAM, so skip this section if 
you have one of these com¬ 
puters.) 

First, peel off the four rub¬ 
ber feet on the bottom of 
the ZX81 and remove the 
five screws and the back 
panel. Remove the circuit- 
board screws and carefully 
turn the board over. Gently 
remove the keyboard cables 
from their sockets. Refer to 
Fig. 4 for chip placement, 
and remove both 2114 ICs or 
the single 4118 1C. Either 
memory configuration may 
be used in the ZX81 I rec¬ 
ommend using de-soldering 
braid, and don't force any¬ 
thing; traces are easily bro¬ 
ken. Remove the jumper 
wire at LI, if it exists. 

Now solder a 2016 or 
6116 2K X 8 RAM chip at 
position IC4. Notice that the 
circuit board has 28 holes in 
this position; use the lower 
24 holes. Solder a jumper at 
L2 to connect address line 
A10 to the RAM chip, and re¬ 
assemble the computer. 

To check memory opera¬ 
tion, type: 

PRINT PEEK 16388 
+ 256 * PEEK 16389 

T||is should give a result 
of 18432 if the 2K of RAM is 
working properly 

The Software 

Many of you probably 
have discovered that the T/S 
computer has a very slow 
Basic interpreter due, once 
again, to the large percent¬ 
age of computation time re¬ 
quired for the display. I de¬ 
signed the RTTY software to 
be somewhat of a hybrid: 
part Basic for convenience 
and part Z80 assembly code 
for speed. 

Figs. 5-8 give listings and 
flowcharts for the receive 
and transmit portions of the 
software, both of which are 
written in assembly lan¬ 
guage. For the most part. 


these routines handle the 
Baudot-to-Sinclair code con¬ 
version and character dis¬ 
play during receive, and the 
keyboard input, character 
display, and Sinclair-to-Bau- 
dot conversion during trans¬ 
mit 

Fig. 9 shows a listing of 
the assembly-stuffer pro¬ 
gram, Linel saves 199 bytes 
of space in RAM for the ac¬ 
tual code and includes the 
Baudot-Sinclair and Sinclair- 
Baudot lookup tables. Line 2 
contains all of the assembly 
code in Figs. 6 and 8 as one 
long string. Lines 3-7 con¬ 
vert this string into actual 
hexadecimal numbers, then 
stuff them into the memory 
reserved in line 1. 

Enter this program exact¬ 
ly as shown in Fig. 9, then 
RUN it When the run is 
complete, LIST the program 
and check that the decimal 
numeric sequences have 
been replaced with jumbled 
code and that the two look¬ 
up tables are still intact. The 
jumbled listing is the display 
read-only-memory (ROM) in¬ 
terpretation of the actual as¬ 
sembly code located there 
Now DELETE all of the pro¬ 
gram except line 1, CLEAR 
the variables, and you are 
ready to enter the Basic part 
of the software. 

The listing of Basic com¬ 
mands is shown in Fig. 10. 
Lines 10-80 will allow for an 
unshift-on-space routine in 
the assembly code for re¬ 
ceive by POKEing appropri¬ 
ate commands into loca¬ 
tions 40AFH and 40B0H (Fig. 
6). If the unshift on space is 
not selected, NOPs are put 
into these two locations. 
Lines 90-100 software reset 
the 8251 chip, and lines 
110-190 are the receive por¬ 
tion of the program. This 
routine sends the receive 
command to the 8251, 
scrolls the screen on each 
line feed (LF) or when 32 
characters have been dis¬ 
played, and monitors the 
keyboard for SHIFT T (CHR$ 
221) for a jump to the trans¬ 
mit routine located at line 
200 and beyond. This por- 





Fig. 9. Listing of the assembly-stuffer program. When you key 
in and RUN this program, the transmit and receive assembly 
code shown in Figs. 6 and 8 will be entered into the comput¬ 
er's memory automatically. 

tion of the program sends a Assembling and Operating 
transmit command to the the RTTY Station 
8251, scrolls the display, and Be sure the power is off to 
monitors the keyboard for a the T/S computer before 
SHIFT R (CHR$ 219) for a connecting (or disconnect- 
jump back to receive. ing) t h e interface box. If you 

Now key in lines 10-270 didn't key the connector to 
and SAVE "RTTY" twice on the slot in the T/S circuit 
cassette to ensure at least board, be certain the con- 
one good copy nector is installed right side 



Fig. 11. Listing of the Baudot code with appropriate decimal 
and hexadecimal equivalents. The special Timex/Sinclair 
FIGS codes for the display and keyboard are shown in the 
last two columns. 
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Fig. 10. Listing of the Basic portion of the program. Line 1 is 
all that remains of the assembly stuffer, and lines 10-270 con¬ 
trol the transmit and receive assembly program code. 

up. Connect the cassette re- NORMAL/REVERSE switch- 
corder and TV monitor to es and advance the input- 
the computer and attach the level pot while tuning 
jumper cables between the around the RTTY station un¬ 
interface box and your rig. til the LEDs illuminate. 

Turn on the computer and Now tune the receiver un¬ 
receiver and follow the guid- til the LEDs follow the high 
ance in the Hardware Con- and low tones and, if all is 
struction section (above) if well, text should appear on 
you have RFI trouble. the screen. The system will 

Now LOAD and RUN the scroll when a displayed line 
RTTY program. The unshift- is full or when a line feed is 
on-space routine is a conve- received. In order to famil- 
nience during receive to pre- iarize yourself with opera- 
vent lockup in the FIGS tion of the LEDs you may 
mode if a LTRS command is want to tune around an un¬ 
missed; the system also will modulated carrier or CW 
return to LTRS mode upon signal. As the tone increases 
receiving a space. However, in frequency, you'll notice 
weather broadcasts consist the L LED come on, shift to 
of many strings of numbers the H LED, and then both 
separated by spaces, and LEDs will extinguish as the 
transmission would be tone frequency exceeds the 
slowed considerably if a filter/decoder passband. 
new FIGS command had to To receive commercial or 
be sent after each space. VHF amateur RTTY, select 
Therefore, it would be a the 850-Hz filter and shift 
good idea to select unshift and tune in the same man- 
on space for everything ex- ner as above. Since the au- 
cept weather broadcasts. dio shift is wider here, the 
Set your receiver to the tuning will be slightly less 
RTTY mode, or adjust the i-f critical than in the 170-Hz 
passband, to allow recep- case. Commercial news 
tion of the mark and space broadcasts are usually at 67 
tones with minimum attenu- wpm and NORMAL, weath- 
ation. For amateur recep- er is 100 wpm and NOR- 
tion on the HF bands, select MAL, and some ship-to- 
the 170-Hz filter and shift, shore is 100 wpm, 170 Hz, 
set 60 wpm, and find a RTTY and REVERSE. Many of the 
signal. Your best bet will commercial broadcasts seem 
usually be just below 14100 to be between 16.0 and 16.5 
kHz. Select normal on the MHz. If you happen to run 





across a non-Baudot station 
or if you select the wrong 
system parameters, garbage 
will print on the screen. 

To transmit simply hit 
SHIFT T, and if you wired 
the jumper correctly, your 
rig should switch to trans¬ 
mit Adjust the output level 
and mike-gain controls for a 
reasonable rf output power. 
Don't overdo it—my TR7 
gets plenty hot with only 
60 W continuous output 
power. RTTY isn't like CW; 
the rig is putting out full 
power continuously during 
transmit, and most manu¬ 
facturers recommend cool¬ 
ing fans for their solid-state 
gear when running high 
power in this mode. 

Adjust the monitor-level 
control until the 2125-Hz 
tone is audible, then type 
your message. You should 
hear the space tones inter¬ 
mittently as you type. You 
can keep your eyes on the 
keyboard and simply listen 
for confirmation of charac¬ 


ter transmission. The 8251 
chip gives you a single char¬ 
acter buffer (big deal) so you 
can type a new character 
while the previous one is be¬ 
ing sent 

Note that the computer 
automatically will send 
LTRS and FIGS codes where 
necessary and also will send 
a CR/LF/LTRS command 
when you hit the ENTER 
key, or on the first space af¬ 
ter 64 characters are sent 
with no intervening ENTER. 
Your transmission is thus au¬ 
tomatically keyed to the 
80-column printer found on 
most mechanical and high- 
priced electronic systems 
Also notice that the SPACE 
key really produces a space; 
if you want this key to act as 
a program BREAK, press the 
key while in the receive 
mode. In this way, you can 
return to the T/S operating 
system. Typing SHIFT R 
while in the transmit mode 
returns the system to re¬ 
ceive. 

Some Baudot FIGS char¬ 


acters are not present on the 
T/S keyboard for transmis¬ 
sion or in the character set 
for display. The most logical 
substitute characters I could 
think of are listed, along 
with the Baudot character 
code, in Fig. 11. 

Conclusion 

Many amateurs feel that 
frequency-shift RTTY is the 
ideal communication mode, 
and with good reason. It has 
a 3-dB signal-to-noise advan¬ 
tage over machine-decoded 
CW signals, and information 
is sent much faster than 
most manually-decoded CW. 
In many cases, when an HF 
band is nearly useless for 
CW or voice communica¬ 
tions, the RTTYers are still 
going strong. Indeed, I can 
get about 90% copy with 
my system tuned to a signal 
which is weak and barely au¬ 
dible. There is also much 
satisfaction to be gained in 
the construction of a project 
of this nature, allowing you 
to experiment with a very 


useful specialized commu¬ 
nication mode at minimal 
cost.l 


References 

1. Catalog, Gladstone Electron¬ 
ics, 1585 Kenmore Ave., Buffalo 
NY 14217. 

2. Parry. R R, “So You Want To 
Get Into RTTY?", 73, November, 
1977, p. 28. 

3. Stark, P. A., “Design an Active 
RTTY Filter," 73, November, 1977, 
p. 38. 

4. XB-2211 Spec Sheet, Exar Inte¬ 
grated Systems, Inc., 750 Palo- 
mar Ave., Sunnyvale CA 94086. 

5. XR-2206 Spec Sheet, Exar Inte¬ 
grated Systems, Inc. 

6. AN-01 Application Note, “Sta¬ 
ble FSK Modems Featuring the 
XR-2207, XR-2206 and XR-2211,” 
Exar Integrated Systems, Inc. 

7. 1980 Intel Component Data 
Catalog, Literature Dept., Intel 
Corporation, 3065 Bowers Ave., 
Santa Clara CA 95051. 

8. Vickers, S„ ZX81 BASIC Pro¬ 
gramming, Second Edition, Sin¬ 
clair Research Limited, 1982. 

9. Lord, M., The Explorers Guide 
to the ZX81, Edition 2, Timedata 
Ltd., 1982. 



AMATEUR TELEVISION 


ATV TRANSMITTER/CONVERTER 



ALL YOU NEED IN ONE BOX 



$399 delivered 
TC-1 plus 


• OVER 10 WATTS PEP OUTPUT. Crystal controlled continuous 
duty transmitter Specify 439.25. 434.0. 426 25 standard or other 
70 cm frequency 2 freq. option add S26 

• BASE. MOBILE, or PORTABLE. Use the bu.ltm AC supply or 
external 13.8 vdc Do parades. Marathons. CAP searches, etc 

• TWO VIDEO AND AUDIO INPUTS tor camera, TVRO, VCR, or 
computer. Wide bandwidth tor broadcast quality color video and 

heard thru the TV speaker 

• RECEIVE ON YOUR STANDARD TVSET tuned to channel 3 or 4 

Sensitive varicap tuned TVC-2L downconverter covers simpler and 
repeater treq. over the whole 420-450 mHz 70 cm amateur band 

• ATTRACTIVE 10.5 x 3 x 9 CABINET. 



(818) 447-4565 m-f8am-6pm pst. 

P.C. ELECTRONICS 


Tom W60RG Maryann WB6YSS 


2522 Paxson Lane 
Arcadia CA 91006 
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Easy FSK for the IC-730 

Don't settle for less than complete. 

Four dollars gives you the RTTY the factory left out. 



Top vie w: The wires for my modification are identified with 
white tape, here shown going to the pad 1 and pad 2 loca¬ 
tions under the calibrate pot on the main board. 
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Emory D. Young WA4TT0 
2403 E. Bolling St 
Savannah CA 31404 


H aving recently acquired 
Icom's IC-730, I no¬ 
ticed that it didn't have a 
RTTY mode. As I wanted to 
get into RTTY, I had two 
choices: to build up an AFSK 
unit or to modify. Being nat¬ 
urally curious, I decided to 
modify, if possible, and 
pulled out the schematic. 

The PLL has a 13.66-MHz 
crystal and is calibrated 
with a 10k pot (R-162) that 
controls the bias on a vari¬ 
cap diode. By switching a re¬ 
sistance in parallel with the 
calibrate pot, you can 
change the frequency of the 


13.66-MHz crystal oscillator 
and the frequency of the rig. 
See Fig. 1. 

First remove the top and 
bottom covers. In order to 
gain access to the foil side 
of the main unit board, you 
have to remove the 17 plugs 
that are plugged into the 
main unit board. Unscrew 
the four mounting screws. 
(Note. The mounting screws 
are permanently locked to 
the main board.) 

The coax cable from J14 
has to be slid in the wiring 
harness toward the detector 
unit in order to have enough 
slack to turn the main unit 
board over. 

Cut two 15-inch pieces of 
wire (about 22 gauge) and, 
referring to Fig. 2, solder one 
wire to pad 1 and the other 
wire to pad 2. Be sure to re- 



Fig. 1. Schematic. 







member which wire is 
which, as this is very impor¬ 
tant, Carefully replace the 
main unit board and plug 
the wiring harness back in. 

If you don't have the op¬ 
tional marker unit, J15 will 
be empty, so don't search 
for the missing plug, as I did. 

Remove the 8 screws at 
each end of the rear panel 
and unplug the coax cables 
from )1 and J3 on the low- 
pass filter board. Run the 
two wires you soldered back 
to the accessory socket 
where you have 13 unused 
positions just begging to be 
used. Make up a couple of 





Fig. 3. Keying circuit with 
shift switch. 

molex® pins or, if you don't 
foresee any use for existing 
accessory connections, cut 
wire from two of the posi¬ 
tions and attach your wires 
to them. Pin 8 of the existing 
socket is ground. This done, 
plug coax cables back in, re¬ 
assemble the rig, and put the 
covers back on. 

Referring to Fig. 3, K1 is a 
reed relay and R1 is a 50k 
pot. SI is an optional SPDT 
switch used to select Mark 
low or Space low Keying be¬ 
tween pad 1 and ground 
makes Mark low, and keying 
between pad 1 and pad 2 
makes Space low. Adjust R1 
for desired shift. Going from 
Mark low to Space low or 
viceversa will require read¬ 
justment of R1 


When transmitting, use 
the AM mode instead of the 
CW mode, as the 40 Watts in 
AM are easier on the finals 
and they can operate for ex¬ 
tended periods this way. 

I will gladly answer or 
correspond about any ques¬ 
tions you may have if you 
enclose an SASE. K1 and R1 


are stock items at Radio 
Shack. Molex connectors 
with their pins also are avail¬ 
able at Radio Shack. 

So get into RTTY with your 
IC-730 and this very low-cost 
modification. It should not 
cost over $4.00 with all brand- 
new parts. See you on the 
bands. ■ 



QUALITY PARTS AT DISCOUNT PRICES! 





ALL HF BANDS! 

I 



The SLINKY DIPOLE Antenna 

A broadband, low SWR dipole that really works in apart¬ 
ments, small yards, attics, anywhere a small antenna is a 
must. Indoors or out, you can work ANY HF BAND, in¬ 
cluding 10 MHz. No gimmicks or add-ons. Imagine 
80M in as little as 24 ft.! Complete kit and instructions, 
plus 50 ft. of coax. Easy to set up and adjust. More 
information available - just call or write. 

Blacksburg Group $67.95 postpaid (in USA j 

Box 242 Suite 500 Money Back Guarantee 

Blacksburg, Virginia 24060 Virginia residents >< - 

703/951-9030 add 4% sales tax f? 2 
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Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign corre¬ 
spondents, we present the lat- questions, 
est news in OX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams in other 


In the States ate tree, t 
iay, at present, AS19.00 pe 
reciprocal license Is poor 



BRAZIL 

PO Box 12178 Copacabana 
20000 Rio da Janeiro, RJ 


he DBDX (Brazilian DX Award)—avail- 
i to amateurs confirming QSOs with a 
Imum of 20 (twenty) different courv 
s on the official DXCC list: one of them 
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Continued on page 104 


































































CONTESTS 


CALENDAR 


Robert Baker WB2GFE 
15 Windsor Dr. 

A too NJ 08004 


DARC CORONA IO METER 
RTTY CONTEST 
1100 to 1700 GMT September 1 



(S-232C I/O 
2 compatible tones. 

Kit $ 99.95 TU-470 

1 wired $129.95 • Full featured RTTY to 300 baud $499.9 

> plus CW terminal unit. 

• 3 Shifts, active filters, remote control, xtal 

TIM70A AFSK ' FSK ' 


RTTY 

For more Information 8t sales 


TRS-80* RTTY/CW 

• ROM-116 Interface for model I, 

IV (16K MIN). $275. 

• Trademark of TANDY CORP. 


.© Flesher Corporation 
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of OSOs times the total multiplier. 


ince, country, or Washington county. 


AWARDS: 

Awards to the leading stations In each 
class with a reasonable score present. 
Operating classes Include: Class A for 
single or multl op and Class B for SWLs. 


Official logs are recommended and are 
(SASE or iRCs are appreciated). Logs 


GMT, exchange, and final score. SWLs ap¬ 
ply to the rules accordingly. Logs must be 
received within 30 days after each test. 


DF7FB, PO Box 1147, D-6455 Eriensee. 
West Germany. 


WASHINGTON STATE 
QSO PARTY 

0100 to 0700 GMT September 15 
1300 GMT September 15 to 
0700 GMT September 16 
1300 GMT September 16 to 
0100 GMT September 17 


FREQUENCIES: 

Phone-1815.3925, 7260,14280, 21380, 
and 28580; CW-1805, 3560, 7060, 14060, 
21060, and 28180; Novice-3725, 7125, 
21150, and 28160. 


SCORING: 



Washington stations score 2 points for 
each phone contact and 3 points for each 

CW contact, including contacts with 

other Washington stations. Multiply QSO 



mum). There will be an extra multiplier of 
one for each group of 8 contacts with the 
same Washington county for all non- 
Washington stations. 


AWARDS: 

Certificates will be awarded to the high¬ 
est-scoring station (both single and multi¬ 
operator) in each state. Canadian prov¬ 
ince, foreign country, and Washington 


issued at the discretion of the Contest 
Committee. Worked Five BEARS Awards 
are also available to anyone working 5 



died by Roy Brashear W7RJW, 5711 South 
129th Street. Seattle WA 98178. (See page 
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NEVER SAY DIE 

editorial by Wayne Green 


$$ HOME-BREW III $$ 

Turn your hot solder Into cold cash! Once again, 73 Is search¬ 
ing for the greatest hocne-brewer In the land. All projects have 
a chance to appear In 73, and the best of the best will be show¬ 
ered with fame and fortune. 

Top prize Is $250. Second place Is worth $100, and three 
runners-up will each earn $50. Of course, this Is In addition to 
the payment every author receives for publishing In 73. 

Contest Rules 

1. Entries must be received by November 1,1984. 

2. To enter, write an article describing your best home-brew 
construction project and submit It to 73. If you haven't written 
for 73 before, please send an SASE for a copy of our author’s 
guide. 

3. Here’s the catch: The total cost of your project must be $73 
or less, even If all parts were bought new. Be sure to Include a 
detailed parts list with prices and sources. 

4. Our technical staff will evaluate each project on the basis 
of originality, usefulness, reproduciblity, economy of design, 
and clarity of presentation. The decision of the judges is final. 

5. All projects must be original, that is, not previously published 
elsewhere. There is no limit to the number of projects you may 

6. All rights to articles purchased for publication become the 
property of 73. 

7. Mail your entries to: 

73 Magazine 
Editorial Offices 
80 Pine Street 
Peterborough NH 03458 
Attn: Home-Brew III 


from page 6 

might want to add ten more bits 
for 1,000 shades of color, too— 
why be limited to black-and- 
white pictures? 

A full-page picture 10" high 
might have 130 lines per inch- 
1300 lines. Each 8" line would be 
made up of 130 x 8=1040 dots. 
Each dot would require four bits 
for dot size and ten for color—14 
bits. Then we need some house¬ 
keeping bits to teil our com¬ 
puters when the Information for 
a dot has started and when it 
has stopped—16 bits. Shall we 
add that all up? 

1300x1040 = 1,352,000 dots 
for a full-page illustration. Six¬ 
teen bits per dot gives us 
21,632,000 bits per page. If we 
send these at 9,600 baud (bits 
per second), which Is very fast 
these days, we’re talking about 
2,253 seconds to send that one 
page—37 minutes. And we gripe 
at eight seconds for a slow-scan 
picture! 

How would you like to get a 
magazine over the telephone 
that way? And 9,600 baud is the 
very, very top limit of that deliv¬ 
ery system. Even a small maga¬ 
zine might take 82 hours. With a 
dedicated telephone line, you 
could only get two magazines a 
week, and think of the line cost! 

So we need something with a 
bit more bandwidth than a tele¬ 
phone wire, which is about the 
same as a ham voice channel. 
We need about one thousand 
times the bandwidth—3 MHz— 
to get a magazine through in a 
few minutes. We can do that 
with microwaves, satellites, ca¬ 
ble, or laser and fiber optics. The 
cable is already in place, so per¬ 
haps something can be done to 
send a magazine via cable. No 
one has invented a simple sys¬ 
tem for delivering a magazine by 
cable or microwave, so that 
would have to be developed. 
Someone will probably do that 
and make a bundle. 

A good place to develop 
something like this is on the 
UHF ham bands—where 3 MHz 
Isn't a big deal. But we're not 


bothering to use those bands 
these days, so they could be 
blown away soon—just as our 
220-MHz band Is being blown 
away because we refused to let 
the FCC test the no-code- 
license Idea there. 

Those microwave channels 
are desperately needed by the 
communications Industry, and 
our enormous allocations are 
sitting there empty, with no real 
hope of any serious use. Of 
course, once they're gone, 
they’re gone forever. 160m used 
to go from 1750 to 2050 kHz; now 
how much of it do we really 
have? 

Hey, If you'll get hot on 3300 
MHz and write some articles, I'll 
be delighted to print 'em and 
that, In turn, will get more hams 
interested In the band. A bit of 
activity on our now almost un¬ 
used microwave bands could 
help save them—if you're game. 
Are you Interested In saving this 
valuable ham resource? 

When you consider the 
amount of spectrum that is go¬ 
ing to be needed for communi¬ 
cations in a few years, it's 
almost too much to grasp. Video 
conferencing is going to hap¬ 
pen, which means that hun¬ 
dreds of thousands of people 
will be needing several mega¬ 
hertz each for extended periods. 
That’s got to go via laser and 
fiber optics, for we don't even 
have enough satellite channels 
in prospect to handle that kind 
of volume. 

The millions upon millions of 
computers around the world are 
going to have to be able to com¬ 
municate with each other In 
seconds. This Is going to take 
an elaborate network of re¬ 
peaters and switching. In the 
early days, we may be able to 
make do with satellites, but 
eventually the volume Is going 
to push the service into a combi¬ 
nation of short-range micro- 
waves and fiber optics for the 
longer hauls. 

In the meanwhile, we sit at our 
ham rigs, trusty key In hand, 
keeping alive the memory of 
good old Sam Morse—whose In¬ 


vention was rendered obsolete 
in 1876 when Bell used his new 
intercom system to call Watson. 
I think It is kind of nice to have 
this living memorial to a quaint 
old technology—a hundred 
years old. We're keeping alive 
some Americana. 

In line with that thought, is It 
really honest to use those new¬ 
fangled speed keys? I won’t 
even bother to comment on 
cretins who use electronic keys 
or those damned typewriter 
abominations. The old straight 
key lets the operator’s personal¬ 
ity come through, right? J-38 for¬ 
ever! 

Old timers will remember 
when hams had a wide range of 
microwave channels which 
could be used via satellites. We 
lost them at the ITU. The League 
represented us at the confer¬ 
ence and you’ll find the sorry 
report in the fine print In QST. As 
Daniels, who was president at 
the time, said, we didn't do our 
homework. We lost about 
99.99% of our satellite alloca¬ 
tions at that time and 100% of 
our opportunity to ever keep up 
with technology. 

This aggravates me a bit. 
We’re looking at probably a 5% 
loss of hams this year instead of 
growth, and our drop in the entry 


of youngsters is on the order of 
80%. The 73 readers who teach 
school tell me that the kids to¬ 
day are too smart to fall for the 
Morse-code ploy. Lots of them 
would like to try ham radio, but 
their Intelligence is offended by 
the code requirement. 

Fortunately for us, the Japa¬ 
nese got rid of the code about 
twenty years ago, so we'll have 
the hundreds of thousands of 
very-well-paid Japanese engi¬ 
neers and technicians it will 
take to provide our corning com¬ 
munications needs. Their young 
hams are hard at it, inventing 
new circuits; you should see 
their ham magazines—five to 
six times as thick as anything 
we have and packed with con¬ 
struction articles every month. 

Hey, if you’d like to see for 
yourself, join me in October 
(there's just time to get your 
visas) for a trip to Japan and see 
their Incredible Consumer Elec¬ 
tronics Show. The trip, which in¬ 
cludes stops at the electronics 
shows in Taipei, Hong Kong, 
and Korea, costs about $2,500 
and Is first class. Drop me a line. 
I try to get to these shows as 
well as the two American shows 
every year so I know what's hap¬ 
pening worldwide. 

The American shows are 
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Jo from people who 
(some for years) to 
ode. Some have dys- 
s have trouble getting 
bs of their brain to co¬ 


lony, NEC. 

Of course, if there were some 
vay to get American teenagers 
nterested In amateur radio 
ather than popping, snorting, 
smoking, and sniffing drugs, 
drinking, watching TV, and other 
otal wastes of time and money, 
tie might stand a chance. The 
<lds are not going to go for the 
Morse code—forget that—so 
Jo you have any other ideas? I'm 
stymied. 

Kids are not career-oriented 


operate—and the learning of 
the code is an incredibly com¬ 
plex use of the brain. Some peo¬ 
ple can learn the code in a few 
minutes—It took me less than a 
half hour to learn the characters 
and just a few hours of practice 
to get to 13 per. Things like that 
are easy for me. Yet I've known 
several people who wanted ham 
licenses so bad they would 
almost have killed for them and 
yet they never were able to man¬ 
age the code. 


enough to spend time doing 
something or learning some¬ 
thing for that reason. They'll 
work hard at learning if they 
perceive it as fun and there is an 
immediate goal which makes 
sense to them—a goal such as a 
hobby. None of us who started 
amateur radio in our teens had 
any idea of a career; we did it 
because It was fun and then 
later found that our hobby just 
naturally was one hell of a great 
career bonus. Tomorrow doesn't 
exist for most kids; why else 
would so many millions drop out 
of school? Thus any appeal we 
may want to make to kids has to 
be as much on an immediate- 
reward basis as possible. 

You know, if It took two days 
for pot to work, kids wouldn't 
bother with it. This immediate- 
gratification syndrome really 
has to be reckoned with. We 


Despite the irrelevancy of 
amateur radio today, we’ve 
managed to hold our low bands 
pretty well. I’d chalk that up 
more to bureaucratic bungling 
and the virtual death of the 
American consumer electronics 
industry, which is the group that 
normally would be fighting for 
our frequencies. If they were 
alive, they’d be grabbing for our 
bands In a minute and we’d have 
little argument to stop them— 
and less power. There are less 
active amateurs today than 
owners of Timex computers. 

So, as I turn on my rig to see if 
Eva has her list all set for 
another DXpedition, I know that 
it's likely that I’ll be able to ham 
for a few more years. Who 
knows, perhaps satellites and 
fiber optics will save our low 
bands and even take the pres¬ 
sure off some microwave bands. 


have to understand that kids to- But the growing number of 
day just are not brought up to be mobile services are going to 
rewarded next week for work to- take all of the old television 


day, so they haven’t any pa- channels and more as TV is 
tience with taking weeks to moved to fiber-optic cable or 
learn the code so they can get direct-broadcasting satellites. 


on the air in an eon or two. 

This is a natural response for 
kids, so we shouldn’t be sur- 


People walking or driving 
around are going to want to 
communicate. We know that 


prised. I suspect that a couple of 
generations ago, when the radio 
was blaring fourteen hours a 
day in homes instead of the TV, 
perhaps we taught kids the ben¬ 
efits of patience. Now, with the 
parental eyes and attention on 
"Dallas" and “Falcon Crest,” 
most kids are brought up with 
little more than their natural in- 


from the ham use of repeaters. 
It’S rare these days to see a ham 
without at least one HT on his 
belt and at Dayton some have a 
half dozen dangling. Many 
groups bring their own re¬ 
peaters to Dayton—heaven for¬ 
bid they should lose contact 
with members of the club some¬ 
where out in the flea market. 


clinations to guide them, no We see the beginnings of this 
matter how destructive. with cellular radio. If I can talk 


If you had no fear of addic¬ 
tion, mightn't you try cocaine 
and heroin? Well, when tomor¬ 
row Isn’t real, addiction isn't 
real, so what’s the worry? 

Perhaps, as the editor of a 
ham magazine, I hear a lot more 


with someone a hundred miles 
away while skiing down a moun¬ 
tain in Colorado or New Hamp¬ 
shire (and I've been doing that 
for 15 years now), you can bet 
that the businessman is going 
to make sure that he can do at 


least that. It'll take a while to 
organize—it will require a lot of 
channels and It will sell an in¬ 
credible amount of Japanese 
equipment. 

Yes, I see this coming and It is 
frustrating. The League won out 
on the Morse code, so now I 
don’t know of any way to get 
ham clubs started in high 
schools. They have them In 
every high school In Japan, as 
you already know. And, yes, I 
know that a good many hams 
won't agree with me, but I’ll bet 
none of ’em will be specific 
about where they disagree. 

On the code? We have as 
clear proof as anyone could ask 
for in the Japanese example of 
what happens when you elimi¬ 
nate the code test. They have 
licensed about one and a quar¬ 
ter million hams so far. Oh, yes, 
the Japanese are different. Yep, 
I’ve heard that. Well, it’s true, ap¬ 
parently. IQ tests seem to indi¬ 
cate that they have an intelli¬ 
gence lead on us of about ten 
points on the average, accord¬ 
ing to the scientific reports. 
They sure seem to have done the 
smart thing in eliminating the 
code from the ham exams. 

I’m writing this editorial on a 
Radio Shack computer, designed 
and made in Japan. I print it out 
on a C. Itoh printer, designed 


and made in Japan. I am wear¬ 
ing a Seiko UC-2000 computer 
watch, designed and made in 
Japan. MY CD player in the cor¬ 
ner is by Sony, designed and 
made In Japan. My hi-fi and TV 
sets are by Hitachi, designed 
and made in Japan. My ham rig 
is a Kenwood, and you know 
who designs and makes all our 
ham gear as well as I do. None of 
these Is a copy of an American 
invention; they are all creative 
developments and most of them 
were done by Japanese who 
started out as hams In high 
school a few years ago while we 
were killing ourselves off with 
the Morse code. 

Anyone out there game to pe¬ 
tition the FCC to reconsider 
their mistake with the no-code 
proposition? 


NEW TECHNOLOGY 
Let me see some hands: How 
many of you know about Com¬ 
pact Discs—CDs? These were 
probably the biggest hit of the 
recent Summer Consumer Elec¬ 
tronics Show in Chicago. These 
are the first digital audio record¬ 
ing medium and once you hear a 
CD, you will be all through buy¬ 
ing LP records. The difference is 
that great. I’ve been enough im¬ 
pressed with the difference to 
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get a magazine started to sup¬ 
port this new industry —Digital 

But the CD has even more 
prospects than as a whole new 
start for hi-fi. We'll be seeing 
these discs used for data stor¬ 
age for computers and even as 
low-cost interactive video play¬ 
ers. The material is stored digi¬ 
tally on the disc and then read 
with a laser beam, so there's no 
wear on the record no matter 
how many times it Is played. 

Interactive video Is the best 
delivery system we've yet found 
for reducing the cost and im¬ 
proving the quality of education. 
I attended a symposium on the 
subject recently at Dartmouth 
and enthusiasm is high in the 


educational community for the 
Interactive video disc potential. 
Maybe I should start a maga¬ 
zine, eh? Not yet. 

If you're an entrepreneur and 
want to Know what technology 
Is going to explode next, I'll tell 
you. There are opportunities for 
hundreds of small firms to get 
started with products In this 
new field and make millions. 
This is the briefcase, lap, or 
kneetop computer. Business¬ 
men all have to do homework. It 
won't take long before they dis¬ 
cover that these small com¬ 
puters will help them enormously 
to write, do business plans, 
schedule, work on spread 
sheets, communicate, and so 
on. I predict that within two 


years there will be more of these 
small computers sold than 
desktops. 

These computers need soft¬ 
ware, accessories, small print¬ 
ers, and information just like the 
desktop computers did. In a cou¬ 
ple of years, most of the busi¬ 
nessmen you know will have one 
or even two. I already carry 
around two most of the time— 
they do slightly different things. 
I use 'em in the car, on planes, 
and when I have a few minutes 
to wait for someone. Most of 
you have been ignoring my ex¬ 
hortations for you to get into 
business and make money for 
years, so I'm used to it. But I do 
get a lot of pleasure when some¬ 
one says hello at a hamfest or 


other show and claims my edito¬ 
rials got them off dead center 
and helped make them rich. I 
can put up with an awful lot of 
old hams (poor hams, I should 
add) grumbling about not agree¬ 
ing with me when I hear that now 
and then. 

WAYNE GREEN 
ALUMNI REUNION 

If you know anyone who has 
worked for me over the last 24 
years, have them get in touch. 
I'm organizing a special dinner 
meeting at the November Com¬ 
dex in Las Vegas so we can get 
together for a reunion. Hey, next 
year is the 25th anniversary for 
73. Not many magazines survive 
that long. 


FUN! 


John Edwards KI2U 
PO Box 73 

Middle Village NY 11379 





ELEMENT 1 
MULTIPLE CHOICE 

Percy Maxim W1AW was a founder of the 
American Radio Relay League, back in 

founder? 

1) Herbert Hoover 

2) Clarence Tuska 

3) Franklin Gothic 



4) Consolidated electronic radiation 


4) You’ll find the “Graveyard" on: 



ELEMENT 2 
SCRAMBLED WORDS 
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ELEMENT 3 
TRUE-FALSE 



ELEMENT 4 
ALPHABET GAME 

Complete the words below by placing 

letters of the alphabet on each dash. Use 

ABCDEFGHIJKLM 

NOPQRSTUVWXYZ 

1) _OULE 

2) —O— 

3) —IP—LE 

4) SC—E—AT—C 

5) —I—O—AT— 

6) PERM_A_I LIT_ 

7) U ERRE ENER TIVE 

8) RE_EN Y 

®)—E—E— 


THE ANSWERS 

1— 2 But HPM got all the publicity. 

2- 2 So It says on the radio In my *62 

Dated radio. 


the FCC lumps low-pov 


5-3 Yeah, right. 


Element 2: 

(Reading from left to right): static, relay, 
foreign; calibrate, overseas, engineer; 
propaganda, government, language; in¬ 
terval, religious, music; listen, program, 



4- SCHEMATIC 

5- KILOWATT 

6- PERMEABILITY 

7- SUPERREGENERATIVE 

8- FREQUENCY 

9- ZENER 


SCORING 


Five points for each correct answer. 


Two and one-half points for each word 


How did yog do? 

1-20 points—Amazing. You can read! 


21-40 points—Not good 
41-60 points-Not bad 
61-80 points—Pretty good 
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FQX TANGO CORPORATION 
Bo* 15944S, W. Palm Beach FL 33416 
(305) 683-9587 


' JPCazoen 

BIG SAVINGS! 

-Call Today- 


Corsair—Argosy II—2m HT 
Call for Discount Package Prices! 


RTE Z86, PRESQUE ISLE PLAZA. PITTSBURGH, PA 15239 Jj 

CALL (412) 733-1555 MT&W 10-6 Th&F 10-8 Sat 10-2 I . 
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Tri-Band Umbrella 
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9 Articles 


Find Fault 

0 out with this elegi 


Your Coax 

illy doing its job? Find 


The Aussie Parasol Beam 

li. I What has twelve corners, three bands. 

and uses 140 feet of wire' Hint: It's not 
a quad W6TYH 20 

The Incredible Broadband Bowtie 

E Truly designed for solid-state finals. 

this 75m antenna features 50 Ohms at 
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band KC3HW 26 
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cal antenna array patterns. Explicit CoCo 
language May incite construction frenzy 

WB5LLM 32 


Try Low and Behold 

Here s a shock: You’ve been wasting money 
on towers and poles. W1CV explains why 
low antennas may outperform high-altitude 
aluminum W1CV/4 


38 


A No-Holes Barred Beam 

ITT What to do when the lease says no 
la^J antennasTurn your entire house into 
a broadside dipole WA4WDL 


Another Eggbeater 

□ Don't be a VHF w« 
your performance wi 


this simple 2m 
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NEVER SAY DIE 

editorial by Wayne Green 


ALUMNI DINNER 

A ham friend, Bill Ashby 
K2TKN/W8ETJ, who wrote arti¬ 
cles for my 73 magazine, men¬ 
tioned back in the early 60s that 
he was working for a firm mak¬ 
ing microcircuits. I think his firm 
was one of the first in the busi¬ 
ness. Now look where we are! 

Here I am, twenty years later, 
sitting on a plane coming back 
from Washington, writing an 
editorial on a picocomputer. 
Well, perhaps things aren't all 
that different, really. Twenty-five 
years ago, when I started 73, I 
used to carry a Hermes Rocket 
typewriter, which was not much 
bigger or heavier than my pico 
(briefcase) computer. The pico 
has word processing and an ad¬ 
dress file, so we’ve had some 
progress. 

A lot of oceans have gone 
under my planes since then, and 
the world of microelectronics 
has gone berserk. 256K RAM 
chips indeed! Solid state was 
still just getting started twenty 
years ago, though I remember 
buying a couple tiny Sony 
BC/SW radios in Tokyo in 1959. 


They worked great, beating the 
dickens out of the little US-made 
broadcast transistor radios. 
That was before integrated cir¬ 
cuits, so they had to use eentsy 
resistors and capacitors. 

With the 25th anniversary of 
my starting 73 coming up in a 
few months, it seemed like as 
good a time as any to throw a 
small party for Wayne Green 
alumni. I keep running across 
people in the various electronics 
industries who at one time or 
another worked for me—and 
there have been a couple thou¬ 
sand. It seemed like it would be 
fun for us to get together and 
say hello again. If you know any¬ 
one who has ever worked for me, 
pass along the word, okay? 

In 1960, amateur radio was 
growing at 11% per year—and 
had been for 17 years. There was 
an intense interest in new tech¬ 
nologies, so I thought that a 
ham magazine devoted to home 
building and inventing would fly. 
I had just barely enough money 
to print and mail the first issue, 
which fortunately was in the 
black. 


I started by doing everything: 
soliciting articles, editing them, 
proofreading the type, laying 
out the pages, selling the adver¬ 
tising, writing, printing, and 
mailing circulation letters, 
typing stencils for subscrib¬ 
ers—everything. That's quite a 
learning experience. I didn't 
have money for going to the 
movies or eating much, so I 
made do with things like home¬ 
made oxtail soup, which was 
very cheap. 

A couple years later, I moved 
the one-man staff (me) to New 
Hampshire and started recruit¬ 
ing used hams. The early ones 
were college dropouts who 
worked for the learning experi¬ 
ence, room and board, and $20 a 
week. They helped with process¬ 
ing subscriptions, printing 
names on wrappers, editing arti¬ 
cles, proofreading, bookkeep¬ 
ing, washing dishes, and so on. I 
taught them publishing, sold ad¬ 
vertising, and cooked three 
meals a day for the tribe. We had 
up to eight living in and doing 
the work back around 1963. We 
had a ball! 

When we had a chance, we 
piled into our VW wagon and 
headed out for a picnic, visiting 
New Hampshire’s Polar Caves, 
Franconia Notch, The Flume, 
Cannon Mountain, Mount 
Washington, and so on. We 
climbed Washington, swam in 
The Foot Basin—it was fun. 

Down through the years I’ve 
fed hundreds of people into the 
electronics and computer indus¬ 
tries. One runs a very successful 
satellite-receiving business, 
another one of the top computer 
PR firms, and several are maga¬ 
zine editors. A call on the PA 
system at the West Coast Com¬ 
puter Faire for ex-Wayne Green 
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Joseph l Carr K4IPV 
5440 So. 8th Road 
Arlington VA 22204 


Find Fault with Your Coax 

Is your cable really doing its job? 

Find out with this elegant detective method. 


T ime Domain Reflectom- 
etry (TDR) is perhaps 
the most powerful method 
for wringing out a radio 
transmission line. Profes¬ 
sional TDR instruments are 
expensive and therefore be¬ 
yond the reach of amateurs. 
If you have access to an os¬ 
cilloscope, however, you 


can build an impromptu 
TDR unit that will provide at 
least elementary capability. 

TDR techniques can be 
used to locate faults on 
transmission lines, measure 
vswr, and determine the ve¬ 
locity factor of coaxial ca¬ 
ble. The fault-finding capa¬ 
bility is especially useful on 



The K4IPV home-brewed reflectometer. 
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systems containing very 
long transmission line, or, 
where the transmission line 
is hidden for much of its run. 

Transmission Lines— 
Simplified and Revisited 

Most amateurs have a ru¬ 
dimentary idea of the na¬ 
ture of a transmission line, 
especially as the term is 
used in radio-antenna con¬ 
texts. On the naive level, we 
know that it is the cable 
which carries signals back 
and forth between the rig 
and the antenna. On a 
slightly more technical lev¬ 


el, we find that the trans¬ 
mission line can be mod¬ 
eled as a complex circuit 
having both distributed in¬ 
ductance (L) and distrib¬ 
uted capacitance (C). Fig. 1 
shows an equivalent circuit. 
If dimension "A" in Fig. 1 is 
unit length, then L is the in¬ 
ductance per unit of length 
and C is the capacitance 
per unit of length. There is 
also a source impedance, 
Rs, which is the transmitter 
output impedance, and a 
load impedance, Rl, which 
is the antenna radiation re¬ 
sistance. 



Fig. 2. Coax cable with surge impedance Z 0 and load im¬ 
pedance Zji. 






Fig. 3. Buffer to improve rise 
time of a signal. 

Transmission lines have a 
property called either surge 
impedance or characteristic 
impedance, either of which 
is represented by the sym¬ 
bol Zo- In the simplest def¬ 
inition, surge impedance is 
the square route of the ratio 

L to C:Z 0 =\/T7C. 

Let's consider what hap¬ 
pens on a transmission line; 
see Fig. 2. In this illustra¬ 
tion, we have a length of co¬ 
axial cable with a surge 
impedance, Zq, terminated 
with a load impedance, Zp. 
At the input end of the 
transmission line is a pulse 
generator. So what normal¬ 
ly happens? 

We are told that the 
transmission line acts as if it 
were infinitely long when 
Z L = Z 0 . In that case, a pulse 
(V F ) applied to the input end 
will disappear into the coax 
and never return. In other 
words, the load will dissi¬ 
pate all of the pulse's 
energy when the load im¬ 
pedance (Z L ) matches the 
transmission line surge im¬ 
pedance (Zq). This is why we 
put so much emphasis on a 
proper match between Z L 
and Zq, as indicated (hope¬ 
fully) by a 1:1 vswr. 

But what of the case 
where Zl is not equal to Zo? 
In that case, not all of the 
energy in the forward or in¬ 
cident pulse (Vp) is absorbed 
by the load. Some of the en¬ 
ergy is reflected back down 
the line in the opposite di¬ 
rection. Pulse Vp in Fig. 2 is 
the forward pulse that is ap¬ 
plied by the signal genera¬ 
tor. When it hits the load 
end of the line, some of its 
energy is absorbed by Zp 
and the remainder is re¬ 
flected back towards the 
load in the form of pulse 
Vr. (Note that the phase of 


.. 





Fig. 4(a). Square-wave signal generator 


the Vr is reversed com¬ 
pared with Vp.) 

Radio waves and pulses 
travel down a transmission 
line at a known velocity 
that is some fraction of the 
speed of light (c). The so- 
called velocity factor of a 
transmission line is that 
fraction. Thus, a velocity 
factor of 0.66 means that 
waves and pulses propa¬ 
gate in that line at 66% of 
the speed of light (i.e., 
0.66c). 

If the speed of propaga¬ 
tion on a line is known or 
can be measured, and if we 
have a means of timing the 
interval between the appli¬ 
cation of the forward pulse 
and the return of the re¬ 
flected pulse, then we can 
calculate the length of the 
line. If the line is either 
open or shorted, then the 
length computed is the dis¬ 
tance from the input end 
and the fault. In a long 
system, such information 
can save a lot of hunt 'n' 
check work. 

Signal Sources 
There are two basic TDR 



Fig. 5(a). Pulse-generator cir¬ 
cuit (block diagram). 


techniques available to the 
amateur; one uses a real 
pulse and the other a square 
wave. Equipment needed 
for these techniques is rath¬ 
er simple, except for the 
'scope. 

The oscilloscope needs a 
bandwidth of 5 MHz or 
more (preferably more). In 
addition, it must have a hor¬ 
izontal sweep calibrated in 
units of time (e g., pslcm). 

The signal source can be 
any pulse or square-wave 
generator, either commer¬ 
cial or home-brew. In re¬ 
searching this article, I used 
a Tektronix IM-500 series 
pulse generator, a Heath 
IF-18 square-wave genera¬ 
tor, and several home-brew 
generators (discussed in 
text). It is highly desirable 
that the signal source have 
a fast rise time. 

If your oscilloscope has a 
+ CATE output, then you 
may already have a pulse 
generator. The +CATE out¬ 
puts a short-duration pulse 
every time the sweep is trig¬ 
gered. In the auto-trigger 
(i.e., free run) mode, the 



Fig 4(b). Variable frequency 
modification. 


sweep is constantly retrig¬ 
gered regardless of whether 
or not a signal is present in 
the vertical channel. Thus, 
we will see a constant pulse 
train at the +GATE output 
during auto-trigger opera¬ 
tion. 

If you plan to use a 
square-wave generator as 
the signal source, then it 
may be advisable to im¬ 
prove the rise time of the 
signal. Fig. 3 shows two buff¬ 
ers that can be used. The 
74HOO is a high-speed ver¬ 
sion of the 7400 two-input 
NAND gate. This device is 
shown connected as an in¬ 
verter (i.e., both inputs tied 
together). The 7400 is rec¬ 
ommended for TTL-compat- 
ible outputs. 

The 7414 used in Fig. 3 is 
a Schmitt trigger. As such, it 
will produce a fast rise-time 
output pulse. Like all TTL 
devices, there are limits to 
the allowable input-voltage 
swings. Note that the 
Schmitt trigger can be used 
to make square waves out 
of sine waves. The Schmitt 
output is binary, i.e., only 
two states are allowed, 
HIGH and LOW The out¬ 
put will snap HIGH when 
the input passes a certain 
threshold voltage in a posi¬ 
tive-going direction and will 
drop LOW only when the sig¬ 
nal crosses another thresh¬ 
old in the negative-going 
direction. 



Fig 5(b). Pulse-generator schematic. 
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Fig. 6(a). Test setup. 


Fig. 4(a) shows a home¬ 
brew square-wave signal 
generator based on the Mo¬ 
torola MC4024P voltage- 
controlled oscillator (vco) 
chip. Note: this is not the 
CMOS 4024 device 

The MC4024P contains 
two vco's, but this project 
uses only one. The frequen¬ 
cy is controlled by capaci¬ 
tor Cl and is set to approxi¬ 
mately the range needed 
for our application. In some 
cases we will want to vary 
the frequency, so we can 
use the circuit modification 
of Fig. 4(b). Potentiometer 
R3 changes the voltage ap¬ 
plied to the vco-control in¬ 
put (pin 2). A 3:1 frequency 
ratio is possible. One use 
for this capability is op¬ 
timization of one of the 
TDR techniques given be¬ 
low 

The output from the 
MC4024P device is a TTL- 
compatible square wave. 
For TDR, however, we can 
use almost any level within 
the ability of the 'scope, but 
the source must have an 
output impedance that is 
matched to the transmission 
line. Impedance matching 
is the function of R2 in Fig. 
4(a). If only one style of 
coax is being tested, then 
set R2 equal to its Zo (e g., 
50 Ohms, 75 Ohms, etc ); 
the value of 68 Ohms al¬ 
lows testing in 50- and 



Fig 8. Adjust square wave to 
match "A." 
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75-Ohm systems with only a 
small effect on the system. 

The photo shows the ver¬ 
sion that I built. In this case 
only one BNC jack is used, 
and an external BNC "tee" 
separates the signals to the 
oscilloscope and the cable 
under test. Note that the en¬ 
tire system, including the 
Pomona box, represents on¬ 
ly a $15 accessory to a stan¬ 
dard oscilloscope. 

A pulse-generator circuit 
is shown in Figs. 5(a) and 
5(b). Here we see a mono¬ 
stable multivibrator (one- 
shot) driven' by a square- 
wave source such as the 
one in Figs. 4(a) and 4(b). 
The detailed circuit for the 
one-shot stage is given in 
Fig. 5(b). 

A typical test setup is 
shown in Fig. 6(a). The inter¬ 
connections between in¬ 
struments is accomplished 
by a special tee-box—see 
Fig. 6(b). The circuitry is 
housed in a Pomona box fit¬ 
ted with three BNC or (if 
older test equipment is 
used) SO-239 UHF connec¬ 
tors. When building the tee- 
box, keep leads as short as 
possible; use "good VHF 
layout practices." Note that 
the tee-box is not needed if 
you build your own pulse/ 
square-wave signal source 
that incorporates similar 
elements. 

TDR Methods 

There are two methods by 



l 


Fig 9(a). The adjusted wave¬ 
form. 


Fig 6(b). Tee-box detail. 

which we can use TDR on 
simple systems. If a pulse- 
train signal source is used, 
we will get indications such 
as Fig. 7. The forward pulse, 
as applied by the signal 
source, will have a higher 
amplitude and sharper fea¬ 
tures than the reflected 
pulse. Coaxial code normal¬ 
ly attenuates signal, so one 
would expect the ampli¬ 
tude to decrease. The wave¬ 
shape also will change 
since this attenuation is dif¬ 
ferent for different frequen¬ 
cies. 

Notice that the reflected 
wave is different in (a) and 
(b) in Fig 7. In (a) we see the 
situation existing when the 
transmission line is unter¬ 
minated. i.e., open-circuit¬ 
ed. Here the reflected pulse 
has the same polarity as the 
forward pulse. If there is a 
break in the coax line, then 
we will see this waveform. 
The situation for a terminat¬ 
ed or shorted line is shown 
in (b); here the reflected 
wave has a reverse polarity 

The length of the line can 
be found from the time T re¬ 
quired for the reflected 
pulse to return to the point 
of origin. The following fac¬ 
tors affect T: length of the 
line, velocity factor of the 
line, and constant repre¬ 
senting the speed of light. 
Our basic equation is: 

L = 983.5VT/2 



Fig 9(b). Sum of the forward 
and reverse voltages. 


1 


J1 


\r 


Fig 7. TDR with a pulse-train 
signal source. 


where L is the line length in 
feet, V is the velocity factor 
(0-1), T is the round-trip time 
in microseconds, as mea¬ 
sured on the oscilloscope, 
983.5 is the speed of light in 
feet per microseconds (ft/ 
ps), and 2 represents the fact 
that T is a round-trip time. 

We can rearrange the ba¬ 
sic equation to also find T 
or V, as needed: 

V = 2L/983.5T 

T = 2L/983.5V 

Let's work an example of 
each. Let's say we have a 
long piece of 75-Ohm coaxi¬ 
al cable used as a data line 
between the computer and 
a CRT video terminal. Your 
boss knows you catch bul¬ 
lets in your teeth and dab¬ 
ble in ham radio You. there¬ 
fore, are the resident expert 
and have to find out where 
the signal went. Being smart 
enough to subscribe to this 
magazine, you remember 
this article and pull it out. 
You obtain a pulse wave¬ 
form similar to (b) in Fig. 7 
and measure T as 0.63 mi¬ 
croseconds. How far down 
the line is the short? First, 
we must determine the ve¬ 
locity factor. Since most 
TV-type coax is foam, we 



Fig 9(c). Load impedance 
less than surge impedance. 









It is necessary to know coax surge impedance (i.e, 
the actual velocity factor Zl = Zo), the trace will be 
(V) of a piece of coax. If you similar to the upper trace in 
are trying to make a quar- (a). The trace in (b) repre- 
ter- or half-wavelength stub, sents the case where the 
then the velocity factor load impedance is greater 
must be known. For noncrit- than the surge impedance 
ical applications, we can (Zl > Zo), while 9(c) is that 
accept the common wisdom obtained for Z[ less than Zq 
factors of 0.66 for regular (i.e., Z L < Zo). 
cable, 0.7 for Teflon® and These traces not only tell 
0.8 for foam. But actual us the direction of mis- 
velocity factors often differ match but also the approxi- 
from these values, so they mate magnitude (in the 
must be measured. form of a vswr). Using the 

Make the measurement designations of Figs. 9, we 
of T using about 50 feet of can compute the approxi- 
cable. The precise length mate vswr from; 
must be known, and the vswr = Vf+V r /V f —V R 

load end should either be The vswr measurement 

left unterminated or ter- thus obtained is only ap- 
minated in a severe mis- proximate because trans- 
matched impedance. This mission line attenuation re- 
latter stipulation is needed duces the reflected power 
to enhance the reflected returning to the transmitter 
pulse. If L and T are known, end. This method, like all 
then V can be computed. If other methods, produces 
you make enough measure- valid results only when the 
ments on coax, you will find measurement is corrected 
that published velocity fac- for normal attenuation ef- 
tors are quite nominal and fects and the line is a multi- 
that the range of V for sup- pie of half wavelength, 
posed I y identical samples Fig. 10 shows the results 
can assume V = 0.8. There- when you notice the ham- ° f cable is d^ite large In of square-wave TDR for var- 

f ore: mer j n hj S h anc j fact, you may well come to ious situations. Fig. 10(a) 

doubt much of the "stan- shows the situation where 
dard wisdom" published Z|_=Zo. If the system is per- 
about transmission lines pop- feet (rare!), then the upper 
ular in amateur radio. horizontal line in (a) will be 

The alternate method perfectly flat. If there are 

used for amateur TDR uses glitches in that portion, 

a square wave rather than a then it may indicate anom- 

pulse. Adjust the square- alies on the line I have seen 
wave frequency and the os- both minor crushes or 
cilloscope timebase to dis- bends and in-line connec- 
play the top portion of the tors splicing sections of line 
square wave as shown by cause anomalies in an oth- 
dimension "A" in Fig. 8. For erwise perfect trace. For 
a perfectly symmetrical connectors, the glitch may 
square wave, the period will be slight (especially if BNC 
be approximately 2A, so the connectors are used), but it 
frequency will be 1/2A. will be present. 

In Fig. 9(a), the upper The traces shown in Fig. 
waveform represents the ap- 10 demonstrate the wide 
plied square wave as viewed degree of change of the 
on an oscilloscope adjusted trace caused by line prob- 
per above instructions. The lems. Although Time Do- 
lower trace is the reflected main Reflectometers are 
wave. complex instruments com- 

The display on the oscil- pared with our simple sys- 
loscope will be the sum of tern, our system is capable 
forward (V(0 and reverse (V R ) of giving us a great deal of 
voltages, such as Fig. 9(b). data about transmission 
In the case where the load lines that would otherwise 
Fig. 10. A variety of traces. impedance is equal to the be difficult to obtain.® 
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L=983.5VT/2 
L =(983.5X0.8X0.631/2 
L =495.7/2 = 248 feet 
Tracing the line on the 
building plans, you find the 
area where the short should 
be found. Going to that ar¬ 
ea, you find a carpenter at 
work subdividing a room — 
and find the nail he drove 
through your coax! You 
hold off busting his chops 



You can use the same 
equation to find the length 
of coax needed to accom¬ 
plish a specified delay. Co¬ 
ax delay lines are used of¬ 
ten and are a lot cheaper 
than lumped-constant de¬ 
lay lines. 








Harry D. Hooton W6TYH 
1420 Shamrock Lane 
Lincoln CA 956 48 


The Aussie Parasol Beam 

What has twelve cornersthree bands , and uses 
140 feet of wire? Hint: It's not a quad. 


T he Australian ham with 
Novice-license privileges 
is limited to certain frequen¬ 
cies and very low antenna 
power—somewhere in the vi¬ 
cinity of 20 Watts PEP Nev¬ 
ertheless, many of these Nov¬ 
ices (not necessarily begin¬ 
ners in electronics) produce 
outstanding signals all over 
the globe on the 10- and 
15-meter bands. Some of 
these stations, such as 
VK7KDR (formerly VK7NDR), 
VK7NRD, VK3VGW, and 
others that I have worked 
over 100 times, have spent 
many hours hand-honing 
their antenna systems close 
to perfection. 

During the years 1978 
through 1982, when I was 


on the air every day. there 
were many VK Novice sta¬ 
tions that consistently laid 
down S9 + signals at 
W6TYH. My curiosity be¬ 
ing aroused. I contacted 
most of these hams and 
found that they were using 
the VK2ABQ ''parasol” 
beam antenna described 
by Fred VK2ABQ in the Oc¬ 
tober, 1973, issue of Elec¬ 
tronics Australia. 

I wish to express my grat¬ 
itude to the many VK hams 
who mailed me photo¬ 
copies of the original arti¬ 
cle and others that showed 
more recent modifications 
of this unusual antenna 
system. 



Fig. 1. Australian parasol beam antenna. Construction is 
similar to one frame of a cubical quad, but plane of loop is 
parallel to surface of the earth. Array is horizontally 
polarized. 
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One of the features of 
the parasol array that first 
caught my attention was 
its small, compact size. I 
immediately had visions of 
a 40-meter beam using a 
parasol-type loop. It is also 
suitable for the ham who 
wants a triband antenna 
system but is cramped for 
space. Because it is very 
light, when constructed 
with ordinary copper-wire 
conductors and bamboo or 
fiberglass spreaders, it can 
be rotated with a heavy- 
duty TV antenna rotator. 

To satisfy my curiosity, I 
built and tested a dual¬ 
band parasol array with 
loops for the 10- and 15- 
meter bands only. Al¬ 
though the installation was 
not permanent, the follow¬ 
ing data should be of in¬ 
terest to all hams who de¬ 
sire a low-cost, simple, and 
low-weight antenna system 
for the three highest HF 
bands. 

Antenna Design 

As shown in Fig. 1, the 

Frequency^ Hz) A B 

7.15 46' 7” 8' 2 

14.3 23’ 5” 4’ 1 

21.3 15’ 8" 2' 9 

28.6 11' 8” 2’ 


parasol antenna consists 
basically of two wire con¬ 
ductor elements, each of 
which has its ends bent in¬ 
ward at right angles to the 
center section. Since most 
of the radiated field from 
an antenna element ema¬ 
nates from the center por¬ 
tion, the radiation efficien¬ 
cy is not noticeably poorer 
than that of a given ele¬ 
ment that used inductive 
traps or other shortening 
devices. As shown here, the 
parasol array is a modified 
2-element yagi, using a 
driven element and a para¬ 
sitic director. 

The Australian versions 
of the array are fed directly 
at the centers) of the driv¬ 
en element(s) with 72-Ohm 
coaxial cable. Although no 
specific swr figures were 
included in the photocopy 
material received from 
Fred VK2PHQ, I have been 
informed that the line swr 
is not greater than 2.5:1 
when the three driven-ele¬ 
ment feedpoints are con¬ 
nected in parallel and fed 
from a single 72-Ohm line. 

C D E F 

' 9’9” 46'7" 25' 16'9" 

' 4'10” 23’ 5” 12’6” 8'4” 

, 3 , 3 „ 15 . 8 „ g. 5 „ 5 , 8 „ 

2’5” 11’8" 6’3” 4' 2" 


Table 1. Approximate dimensions of elements and spacing 
for 40-, 20-, 75-, and 70-meter paraso/ beam antennas. 




Fig. 2. General arrangement of parasol beam antenna. 


In the W6TYH experimen¬ 
tal version, the driven ele¬ 
ments were fed by separate 
gamma-match arrange¬ 
ments, the coaxial line be¬ 
ing switched from one to 
the other by a stepping 
relay. It should be possible 
to "match" the 72-Ohm (or 
52-Ohm) coaxial line to the 
three feedpoints at a prac¬ 
tical usable swr value by 
attaching a suitable coaxial 
line transformer to each feed- 
point and connecting them 
in parallel at the end of the 
main transmission line. 

The length of the folded, 
or bent, end sections will 
depend on the spacing be¬ 
tween the driven and para¬ 
sitic elements. In the 
W6TYH experimental ver¬ 
sion, the spacing (free 
space) between the centers 
of the driven and parasitic 
elements was made 0.11 
wavelengths to keep the 
overall size as small as pos¬ 
sible. Table 1 gives the di¬ 
mensions of the parasol ar¬ 
ray for one-, two-, or three- 
band operation. The ele¬ 
ment lengths, particularly 
in the three-band arrange¬ 
ment, are approximate and 
should be "dipped" and 
trimmed to resonance as 
described later. 

The approximate dimen¬ 
sions A, B, C, D, and E of 
Fig. 2 can be calculated by 
the following formulas. As¬ 
suming insulators II and 12 
are 4 inches long, with F be¬ 
ing the frequency in MHz 
and A to E dimensions are 
in feet, A = 335/F, B = 


58.3/F, C = 69.7/F, D = 
335/F, and E = 178.75/F. 

It must be emphasized 
that the above dimensions 
are approximate but will 
be close to the actual oper¬ 
ating values. The ends of 
the element conductors 
can be made about 3 or 4 
inches longer than the cal¬ 
culated values, as shown 
at B in Fig. 2, and then 
trimmed to resonate the el¬ 
ement at its proper fre¬ 
quency. In most cases, the 
director element will func¬ 
tion satisfactorily when cut 
to the calculated value or 
about 5 percent shorter 
than the driven-element 
length. 

Practical Construction 

To start, you will need 
one spider or X mount, 
such as those used in the 
construction of the cubical 
quad antenna. You also 
will need four crossarm 
(spreader) sections, as 
shown. Each crossarm 
should be at least 14 feet 
long if a triband 20-15-10- 
meter array is to be con¬ 
structed. The crossarm 
drilling data can be found 
as dimension E in Table 1. 
All of the wire elements 
should be strung on the 
frame before attempting 
any resonance adjust¬ 
ments. 

With the array at least 8 
or 10 feet above the 
ground, start with the IO¬ 
meter driven element and 
resonate it as described in 
the next section. Next, res¬ 
onate the 15-meter driven 



Fig. 3. How the grid-dip oscillator is coupled to the feed- 
point of the driven element (see text). 


element and recheck the 
resonant frequency of the 
10-meter driven element. 
Third, resonate the 20-me¬ 
ter driven element and 
recheck the resonant fre¬ 
quencies of both the 15- 
and 10-meter elements. In 
the prototype array at 
W6TYH, the interaction be¬ 
tween the three driven ele¬ 
ments was negligible as far 
as the dip meter indication 
was concerned. However, 
when each driven element 
was being adjusted for low¬ 
est reflected power at its 
feedpoint, the swr reading 
changed when the match¬ 
ing adjustments of the 
other driven elements were 
moved. 

It is likely that the great¬ 
est interaction will take 
place when all three feed- 
points are connected in 
parallel and fed by a single 
coaxial transmission line. If 
the line swr is not higher 
than 2.5:1 on the element 
with the highest swr, usual¬ 
ly 20 meters, the perfor¬ 
mance of the array will not 
have deteriorated to any 
great extent and an anten¬ 
na tuner can be used at the 
transmitter end to present 
a 50-Ohm-resistance load 
to the transmitter output 
terminal. 


Resonance Adjustments 

As in any other parasitic 
array, the parasol antenna 
will give optimum perfor¬ 
mance only if the driven 
and parasitic elements are 
resonant at their proper 
frequencies. The length di¬ 
mensions given for the par¬ 
asitic director elements are 
about 5 percent shorter 
than those of the driven el¬ 
ement. In the prototype ar¬ 
ray, the parasitic directors 
were calculated and cut 
according to the formula. 
The directors performed 
satisfactorily without fur¬ 
ther adjustment. The driv¬ 
en-element lengths re¬ 
quired adjustment, howev¬ 
er, as outlined below. 

The preliminary driven- 
element adjustments are 
most easily made with a 
grid-dip oscillator and a 
calibrated receiver. First, 
make a 1- or 2-turn link coil 
from no. 14 soft-copper 
wire and with a diameter 
small enough to fit snugly 
over the grid-dip oscillator 
coil. As shown in Fig. 3, the 
link-coil ends are fitted 
with small copper alligator 
clips. Connect the alligator 
clips to the center ends of 
the driven-element con¬ 
ductors, as shown. Slip the 


Parts List 

140 feet, no. 12 copper wire, plastic 



covered household type 

@ 10m per ft. 

$14.00 

4 bamboo spreaders 

@ 50<t ea. 

2.00 

1 marine plywood, 3/8” x 18” x 18” 

@ $2.00 

2.00 

4 carriage bolts, 4-1/2” x 1/4” 

@ 30m ea. 

1.20 

4 carriage bolts, 2-1/2” x 1/4” 

@ 25m ea. 

1.00 

4 U-bolts, 1-1/4” 

@ 75m ea. 

3.00 

Miscellaneous (alligator clips, etc.) 


2.00 

$25.20 

Note: 52- or. 72-Ohm transmission line and insulators not in¬ 
cluded in above total. 
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link coil over the grid-dip 
coil form, and rotate the 
grid-dip oscillator dial until 
a deep null or "dip" is in¬ 
dicated. 

With the calibrated re¬ 
ceiver, check the grid-dip 
oscillator at the point 
where the null occurs. Dur¬ 
ing this first check, the res¬ 
onant frequency of the 
driven element is almost 
certain to be very close to, 
or outside, the lower fre¬ 
quency limits of the ama¬ 
teur band. Clip off half an 
inch or so of the excess 
wire at the support insula¬ 


tors and repeat the pro¬ 
cess. Be sure that you 
check the grip-dip oscilla¬ 
tor frequency with the cali¬ 
brated receiver each time 
that a dip is indicated. Do 
not depend on the calibra¬ 
tions of the grid-dip oscilla¬ 
tor dial as the oscillator 
will be pulled off calibra¬ 
tion by absorption of the rf 
energy by the driven ele¬ 
ment at its point of reso¬ 
nance. This pulling effect 
can be reduced by reduc¬ 
ing the coupling between 
the grid-dip oscillator and 
the link coil to the point 



Fig. 6. Modified version of Australian parasol antenna (said 
to improve front-to-back ratio). 
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Fig. 5. Original Australian feed arrangement. 


where only a very small 
null is indicated. 

Continue to trim each 
end of the driven element 
and check the grid-dip os¬ 
cillator frequency at the 
null until the element is 
resonant at a frequency 
about 50 kHz lower than 
the desired operating fre¬ 
quency. The driven-ele¬ 
ment resonant frequency 
can then be "worked in," or 
"fine tuned," to exact reso¬ 
nance at the operating fre¬ 
quency during the match¬ 
ing adjustments. 

During the adjustment 
of the driven element for 
resonance, it is possible 
that the grid-dip oscillator 
may indicate two nulls— 
one deeper than the other. 
The major null will indi¬ 
cate the frequency at 
which the driven element is 
resonant. The minor null 
will be somewhat higher in 
frequency and will be the 
resonant frequency of the 
director. With very close 
coupling between the pick¬ 
up loop and the grid-dip os¬ 
cillator coil, the minor null 
should be pronounced. 
When the coupling be¬ 
tween the link coil and the 
oscillator coil is reduced, 
the minor null may not be 
apparent. The minor null 
should occur at a frequen¬ 
cy about 5 percent higher 
than that of the driven el¬ 
ement. 

Mounting the Array 

In the original Aussie 


version of the array, the 
spreaders were mounted 
on an 18" X 18" X 3/8" 
piece of "bondwood" (ply¬ 
wood) as shown in Fig. 4. If 
the plywood mount is used, 
it should be good quality 
marine plywood. The cen¬ 
ter of the board was rein¬ 
forced by a pair of 6" X 6" 
X 1-1/2" "Oregon" blocks. 
The upper plate has a 
1-inch hole at the center 
for the 1-inch-diameter 
dowel kingpost. The king¬ 
post is about 24 inches high 
and is sanded to fit tightly 
when driven into the center 
hole of the upper block. In 
the VK version, the spread¬ 
ers were made from 1-inch 
hardwood dowels. Most 
American hams will prefer 
bamboo or fiberglass 
spreaders. Each spreader is 
supported at two points, as 
shown, by heavy-duty ny¬ 
lon fishing line; hence the 
name, "parasol array." 

Feed System 

The original Australian 
feed arrangement for the 
three driven elements is 
shown in Fig. 5. Here, the 
three driven elements use a 
common center insulator 
with the three feedpoints 
connected in parallel and 
fed with a single coaxial 
transmission line. A nylon 
tie cord is connected be¬ 
tween the driven-element 
center insulator and the 
center point on the parasit¬ 
ic director (or reflector, as 
the case may be) and is 
drawn taut. The center 








points of the three direc¬ 
tors (reflectors) are electri¬ 
cally bonded together. 

Another VK arrange¬ 
ment is shown in Fig. 6. 
Here, a light wooden 
boom, 1-1/2" X 1-1/2" X 
96", is used to support the 
driven-element center insu¬ 
lators. The three feed- 
points are connected to¬ 
gether with short lengths of 
72-Ohm coaxial cable. The 
center points of the direc¬ 
tor (reflector) are attached 
to the wooden boom, as 
shown, and connected to¬ 
gether electrically with a 
single copper conductor. 


Antenna Performance 

The W6TYH parasol ar¬ 
ray was constructed to sat¬ 
isfy my own curiosity, 
more or less. Although the 
antenna was a jerry-built 
affair mechanically and 
was suspended by a rope 
and pulley attached to an 
overhanging tree limb, it 
was electrically correct. 


On the 15- and 10-meter 
bands its performance was 
compared with that of a 
"standard" 2-element yagi 
similar to the one I de¬ 
scribed in "Rotary Beam 
for 10 or 15: the LB-2" (73 
for May, 1980), and in most 
cases there was little dif¬ 
ference in the strength of 
the distant signal. The ex¬ 
perimental model ap¬ 
peared to have about 5 dB 
forward gain and about 15 
dB front-to-back ratio — 
about the same as that of 
the 2-element yagi used for 
comparison. The Austra¬ 
lian hams rate this antenna 
at 5 dB forward gain, 18 dB 
front-to-back ratio, and 37 
dB side rejection when 
used on the 15-meter band. 

At any rate, the parasol 
antenna is probably the 
least expensive tribander. 
It should be possible to 
build it for not over twenty 
to thirty dollars. It can be 
rotated easily with a TV an¬ 
tenna rotator. ■ 
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The Incredible 
Broadband Bowtie 

Truly designed for solid-state finals , this 75m antenna features 
50 Ohms at the feed—and less than 1.5:1 swr across the band. 


lim BurtoH KC3HW 
RP PI Box HI 
Washington PA 15301 


"V eah, I've got a tran- 
I sistorized transceiv¬ 
er . " 

"Do I like it? Sure, I like it 
a lot 

"What do I think of the 
solid-state finals? Well, they 
are not as great as they 
sound The finals are really 


sensitive to swr. I ended up 
buying an antenna tuner just 
to get the thing to load up." 

If you're the owner of 
an all-transistor rig, you've 
probably had a QSO like the 
above. While these rigs are 
nice, they do have their own 
set of problems. Chief 
among the problems is their 
best known feature—the sol¬ 
id-state final amp. 

Transistor rigs differ sub¬ 
stantially from their tube- 
final cousins. Tube finals 
use an impedance-matching 


(pi) network to match the 
tube's impedance to the 
antenna's impedance. Tran¬ 
sistors do things another 
way. Power from the broad- 
banded final transistor is fed 
through a bandpass filter in¬ 
to a 50-Ohm load. 

This new system means 
that theoretically you can 
set the tuning dial to any fre¬ 
quency and generate a sig¬ 
nal with no further adjust¬ 
ment to the transmitter. This 
possibility intrigued me be¬ 
cause I enjoy rag-chewing 
on 75-meter phone and I op¬ 
erate a transistorized rig. 
However, a little experi¬ 
menting showed me that it 
wasn't going to be as easy as 
it sounded. There's a catch. 

While the transistor finals 
are broadbanded, they re¬ 
quire that the load they feed 
be 50 Ohms or very close to 



f'g- 7. 


it. Unfortunately, a dipole 
antenna is not broadband¬ 
ed. Keeping the swr low as 
you tune across the band — 
that's the catch. 

According to the theory 
books, a dipole should be 
able to cover a band equal 
to three percent of its design 
frequency. That's 100 kHz 
on 75 meters without ex¬ 
ceeding a 2:1 swr. That's not 
much of a spread. 

I decided that what I 
needed was a broadbanded 
dipole. The design require¬ 
ments were: 

1. Uses no exotic or ex¬ 
pensive material. 

2. Easy to construct 

3. Achieves a 1 5:1 swr or 
less over the 75-meter phone 
band. 

Design requirement num¬ 
ber one eliminated double 
bazookas and folded di¬ 
poles. They require expen¬ 
sive coax and ladder line or 
an impedance-matching net¬ 
work. I wanted to keep it 
cheap and easy 

As I searched, my mind 
wandered back to a short 
blurb in William Orr's Radio 



Swr meter showing the swr ithe tuner was bypassed). 
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Handbook. In his descrip¬ 
tion of a tuned doublet an¬ 
tenna, he mentioned that 
the antenna could be made 
more broadbanded by fan¬ 
ning the ends of the anten¬ 
na. Could the answer to my 
search be a simple adapta¬ 
tion of this idea? I decided 
to find out. 

To start, I cut enough wire 
for two dipoles. The two di¬ 
poles were tied together at 
the center insulator while 
the legs were fanned one 
foot apart. Swr measure¬ 
ments indicated that I was 
heading in the right direc¬ 
tion although there were a 
couple of problems. 

The first problem was 
that the new combined di¬ 
pole was too long. The old 
dipole formula just didn't 
work in this situation. This 
change was an unexpected 
confirmation of a lot of 
the antenna theory I had 
learned. 

Remember that an anten¬ 
na is equivalent to a series- 
resonant circuit. In fact, we 
could substitute a series-LC 
circuit for an antenna as in 
Fig. 1. The resonant frequen¬ 
cy depends upon the values 
of L and C. If either L or C 
changes, the resonant fre¬ 
quency shifts. 

Now let's go back to a 
real antenna. The LC rela¬ 
tionship still applies. By 
spreading the ends, we have 
increased the antenna's ca¬ 
pacitance. This, of course, 
shifts its resonant frequen¬ 
cy. The only way to bring the 
frequency back is to com¬ 
pensate by changing the in¬ 
ductance, too. 

Inductance is changed by 
shortening the antenna. In 
this case, the antenna had to 
be shortened a total of ten 
feet to bring the frequency 
back. It's the reduction of in¬ 
ductance, incidentally, which 
increases an antenna's broad¬ 
bandedness. 

The second problem was 
mechanical —how to keep 
the antenna in its proper po¬ 
sition. On my first attempt, I 
used strips of wood to 

v See Ust of Advertisers on page 98 


spread the antenna ends 
apart by about one foot, 
with a halyard attached at 
the center. This worked, but 
when hoisted into the air, 
the ends wanted to wind¬ 
mill, twisting the wires to¬ 
gether and reducing capaci¬ 
tance. 

No sweat. I just hung a 
brick to the bottom of each 
spreader That solved that 
problem but created anoth¬ 
er The whole thing took on 
a Rube Goldberg appear¬ 
ance; it was a visual embar¬ 
rassment. Besides, there was 
the practical problem of 
having these two bricks 
suspended forty feet in the 
air on the ends of some 
rope. Needless to say, the 
XYL was quick to point out 
these problems, too. 

Eventually both problems 
were resolved with the de¬ 
velopment of the "Broad¬ 
band Bowtie Dipole" seen in 
Fig. 2. One look at the draw¬ 
ing should explain how the 
antenna got its name. 

After numerous cuts and 
tries, I found that one-hun¬ 
dred-ten feet seemed to 
make the antenna resonant 
about the middle of the 
75-meter phone band. Ex¬ 
periments also showed that 
fanning the ends more than 
three feet offered little or no 
advantage. With the ends 
fanned three feet, my swr 
was less than 1.5:1 on the 
edges of the phone band 
(see Fig. 3). Now my tran¬ 
sistor finals perk happily 
along with no need to tune. 

Length of the transmis¬ 
sion line is also important 
To have your transistor 
transceiver see the same im¬ 
pedance as the antenna of¬ 
fers, the transmission line 
must be some multiple of 
one half wave. For solid di¬ 
electric RG-58, this is a mul¬ 
tiple of eighty-three feet. 

Mounting problems were 
solved with the double-hal¬ 
yard system also shown in 
Fig. 2. Rope spreaders re¬ 
place the original wood 
spreaders. Be careful not to 
put too much tension on the 


lower halyard or the whole 
system will be dragged 
closer to the ground. 

Incidentally, those inter¬ 
ested in antennas might like 
to know that all antennas at 
station KC3HW are made 
from electric-fence wire. This 
18-gauge steel wire comes on 
quarter-mile spools and is 
long-lasting. It's available 
through farm-supply stores 


and Sears for about ten 
dollars a roll. 

More avenues of experi¬ 
menting are open to you, 
the reader. How about a 
higher band? While I've not 
attempted to try the Bowtie 
on forty meters, it should 
have a flatter swr than on 
seventy-five. 

Best of luck, and enjoy 
your newfound freedom.® 
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Joseph I. Carr K4IPV 
5 440 So. 8th Road 
Arlington VA 22204 


for Ailing Antennas 

Maximize your system's performance with this 
easy-to-construct noise bridge. It's just what the doctor ordered. 


T he antenna noise bridge 
is an instrument which 
most amateur-radio enthusi¬ 
asts have seen advertised 
but only a few know how to 
use. Several different mod¬ 
els are offered by Palomar. 
Omega-T, and MF) (see 
photos). When used with a 
receiver (preferably a gener¬ 
al-coverage shortwave re¬ 
ceiver), the noise bridge 
makes it easy to "wring out" 
antennas, transmission lines, 
and other tuned circuits. 

The heart of any bridge, 
perhaps, is the signal source. 
In the noise bridge, the sig¬ 
nal source is a noise gener¬ 
ator such as shown in Fig. 1. 
The actual noise source is 
the zener diode connected 
to the base of transistor Q1. 


the avalanche mode pro¬ 
duces large amounts of 
semi-white noise. If you con¬ 
nect it to an audio-amplifier 
input, then the output is per¬ 
ceived as hiss. Some people 
call this circuit a Gaussian 
noise source, but that desig¬ 
nation is a little off the mark. 
True Gaussian noise con¬ 
tains all phases and ampli¬ 
tudes of all frequencies. The 
noise produced by the cir¬ 
cuit in Fig. 1 is bandwidth lim¬ 
ited to less than 300 MHz, or 
so. If Q1 through Q3 are se¬ 
lected with care, this genera¬ 
tor produces results through¬ 
out the HF spectrum and in 
the VHF spectrum at least to 
2 meters. 

The stages following the 
noise-generating diode form 
a wideband amplifier. If the 


transistors are selected for 
UHF frequency characteris¬ 
tics. then the frequency re¬ 
sponse will be well into the 
VHF range. Good selections 
from the replacement lines 
are ECG-107 and ECC-108 or 
their equivalents. 

Fig. 2 shows the actual 
bridge circuit. The block 
marked "noise-generator cir¬ 
cuit" is a circuit such as in 
Fig. 1. 

The heart of the noise 
bridge is transformer T1. 
There are three windings on 
the toroidal core of T1, and 
these windings are trifilar- 
wound. A toroidal core ca¬ 
pable of 1- through 150-MHz 
operation, about 3/4 to 1 
inch in diameter, should be 
sufficient. The wire is #28, 
either enameled or with the 
sort of synthetic material 
that covers wire used in 
wire-wrap systems. Ten to 15 
turns are appropriate. 


A- * T 
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Conceptually, this bridge 
is similar to the simple 
Wheatstone bridge. Recall 
that that bridge contains 
four arms (each a resistor) 
formed into a diamond¬ 
shaped circuit. Excitation is 
applied between two of the 
resistor junctions while out¬ 
put signal is taken from the 
other junctions. In the noise 
bridge, coils LI and L2 form 
two of the arms, the antenna 
impedance forms the third 
arm, and impedance R1/C2 
forms the fourth arm. Excita¬ 
tion is through coil L3. Since 
L1/L2 are trifilar-wound, 
these two coils form iden¬ 
tical impedances. Thus, the 
bridge will be in balance 
when the antenna imped¬ 
ance matches R1/C2. 

Capacitor Cl has a value 
half that of C2. Thus, C2 will 
have to be exactly in the 
middle of its range to bal¬ 
ance (i.e., null) the circuit. 
The purpose of this scheme 





Fig 7. Noise generator as the signal source. 
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is to allow measurement of 
inductive reactance compo¬ 
nents of antenna impedance 
as well as capacitive. Exact¬ 
ly at resonance, the antenna 
impedance reactances are 
equal (X L = X C ), so they 
cancel each other. In that 
case, the value of C2 equals 
Cl. If the antenna is capaci¬ 
tive (X c greater than X L ), 
then the null is found on C2 
at a capacitance less than 
Cl. If, on the other hand, the 
antenna is inductive (X<~ less 
than X L ), then the null will 
be found when C2 is greater 
than Cl. 

Null occurs when the im¬ 
pedance of R1/C2 is equal to 
the antenna impedance (tak¬ 
ing into consideration Cl). 
This null is indicated by a 
sudden decrease in the 
noise level coming from the 
receiver (or by a dip on the 
receiver S-meter). This re¬ 
sponse is shown in Fig. 3. 
There is usually a lot of in¬ 
teraction between R1 and 
C2, so these controls must 
be adjusted several times to 
find true null. 

The null indicator is a re¬ 
ceiver. The best type of re¬ 
ceiver is a general-coverage 
shortwave receiver with an 
envelope (i.e,, AM) detector 
and, preferably, an S-meter. 
Ham-band-only receivers re¬ 
quire the null be inside the 
ham bands (often not the 
case!). I have found it dif¬ 
ficult to use the bridge with 
SSB/CW modes. Tune very 
slowly while searching for 


the null. Perhaps the most 
common mistake made 
when using a noise bridge is 
tuning the receiver too fast. 
The null tends to be sharp, 
and is easily missed if tuning 
rate is high 

Finding Antenna Length 

The arithmetic equations 
which we use to find anten¬ 
na lengths are "ball park" 
only, except in someplace 
called "free space." The real 
physical length will be lon¬ 
ger or shorter than the cal¬ 
culated length. Part of the 
job in setting up an antenna 
is cutting (or lengthening) to 
size. In the usual scenario, 
one takes a vswr bridge and 
measures the swr at several 
points within the band in 
order to find where the mini¬ 
ma is located. From that in¬ 
formation we can tell wheth¬ 
er to lengthen or shorten the 
antenna. 

The noise bridge gives us 
another method. We con¬ 
nect the general-coverage 
receiver via a short length of 
coax to the RCVR port of the 
noise bridge, and the anten¬ 
na coax to the ANTENNA 
port of the noise bridge. Set 
the X control on the bridge 
to mid-range (i.e., C2 at half¬ 
scale) and the R control to 
some value between 5 and 
20 Ohms (will be readjusted 
later). The receiver is tuned 
to the antenna design fre¬ 
quency. The procedure is as 
follows: 

I.Vary X for a null; this 


null will be broad, so listen 
carefully and tune slowly. 

2. Observe whether the X 
nulls are on the X L or X c side 
of zero. If the null is on the 
X L side, then the antenna is 
too long and the actual reso¬ 
nant is below the design res¬ 
onant frequency. If the null 
is on the X^- side of zero, 
then the antenna is too short 
and its actual resonant fre¬ 
quency is above the design 
resonant frequency. 

3. Return the X control to 
zero. 

4. Tune the receiver slow¬ 
ly in the direction indicated 
by the result of step 2. 

5. Look for a null as you 
tune the receiver. When you 
find the apparent null, ad¬ 
just R, X, and the receiver for 
deepest null (except interac¬ 
tion). This deepest null is the 
resonant frequency of the 
antenna. 

6. Adjust the length of the 
antenna as indicated by the 
null: (a) if F R is above the de¬ 
sign frequency, then length¬ 
en the antenna, or (b) if F R is 
below the design frequency, 
shorten the antenna. Occa¬ 
sionally F r will be so close 


to the design frequency that 
no action is needed. 

The noise bridge is espe¬ 
cially useful where the reso¬ 
nant frequency is out of the 
amateur bands. It also is 
useful inside the band, but 
so is a vswr bridge. We can¬ 
not however, excite an an¬ 
tenna outside the band! 

Half-wave Transmission Lines 

It is frequently the case 
that we must excite anten¬ 
nas through transmission 
lines which are integer mul¬ 
tiples of half-wavelength. 
Antenna impedance mea¬ 
surements, vswr or iswr, and 
similar measurements must 
be made either at the anten¬ 
na terminals or through 
matching transmission lines 
which are integer multiples 
of half-wavelength. The rea¬ 
son for this is that the im¬ 
pedance is at the load and is 
repeated every half-wave¬ 
length down the line. Thus, 
if we measure the imped¬ 
ance (or vswr/iswr) through 
0.5,1.0, or 1.5 wavelength of 
coax, it is equivalent to mak¬ 
ing the measurement at the 
load (antenna) end. 



Fig. 2. Actual bridge circuit. 
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So how do we find half¬ 
wavelength? Some people 
might tell us that the length 
in feet is 492/F MHz , but that 
equation does not account 
for velocity factor. Since the 
wave velocity in the cable is 
a fraction (0 to 1) of the ve¬ 
locity in space, we must use 
the velocity factor (V) to 
reduce the physical length. 
The corrected length is 
found in Equation 1: 

L ft =492V/F MHz 

We normally use figures 
for V that are glibly quoted 
in spec sheets and antenna 
books (e.g., 0.66 for "regular" 
coax, 0.70 for Teflon™ di¬ 
electric, and 0,80 for foam 
dielectric). But when we 
actually measure velocity 
factor, we find these figures 
often are incorrect by as 
much as 25 percent—a fac¬ 
tor that seriously affects 
Equation 11 

Fortunately, we can use 
the noise bridge to find half¬ 
wavelength; Fig. 4 shows 
how. If the coax is shorted at 
a point exactly one half¬ 
wavelength from the drive 
end, then there will be a 
sharp null in the noise at 
that frequency. 

Normally, we would start 
with a physical length 10 
percent or so longer than es¬ 
timated from the equation 
length. We then begin short¬ 
ening the coax, reestablish¬ 
ing the short circuit each 
time, until the null moves to 
the correct frequency. This 
method involves the sacri¬ 
fice of a small amount of 
coax but yields a length that 
has an electrical length of 
exactly one half wave at the 
desired frequency Some peo- 



Fig. 3. Response when there 
is a sudden decrease in the 
noise level coming from the 
receiver. 
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pie use heavy pins or wire 
nails pulsed through the 
coax insulation to achieve 
the short circuit 

An alternative to the short 
method, as well as a check 
on the validity of the short 
method, is to use a 50-200- 
Ohm carbon-composition (or 
other noninductive) resistor 
in place of the short The R 
dial on the noise bridge 
should read the same as the 
resistor value at half-wave- 
length. 

Finding Coax 
Velocity Factor 
The published velocity 
factor for coaxial cable is 
frequently in error. If we rely 
on this standard wisdom it is 
likely that we will at one 
time or another get into 
trouble. But it also is true 
that the velocity factor of 
any given lot of coax will 
have a uniform velocity fac¬ 
tor even though it differs 
from the standard. Thus, if 
we buy a roll of cable (500 or 
1000 ft for example) and 
measure the actual velocity 
factor, then we can depend 
on that figure for the entire 
roll. From Equation 1 we 
know that velocity factor V 
is found in Equation 2: 

V = LFN/492 

where V is the velocity fac¬ 
tor (0 to 1), L is the cable 
length in feet, F is the fre¬ 
quency in megahertz, and N 
is an integer (1, 2, 3 . etc.). 

We can use our noise 
bridge to find V if we know L 
and can determine F on the 
receiver dial. A setup such 
as Fig. 4 is used. Measure a 
convenient length of coaxial 
cable (around 40' will yield 
good results). Know (by 
measurement) the exact 
length of the cable to within 
an inch or two. If we assume 
a value for V of about 0.7, 
then we can calculate an ap¬ 
proximate value for F at 
which N=1 (simplifies 


things). For example, for 
N=1, V=0.7, and L=40 ft., 
F will be approximately 8.6 
MHz. We can start search¬ 
ing for the null at that fre¬ 
quency. The test procedure 
is as follows: 

1. Set X at zero and R at 
just a little above zero. 

2. Short the load end of 
the coax 

3. Adjust the receiver 
above and below the design 
frequency until a deep null 
is found. Record the fre¬ 
quency at which this null is 
found. 

4. Using the premeasured 
length and the frequency 
found in step 3. calculate 
the velocity factor V using 
Equation 2. 

You can repeat this ex¬ 
periment at different values 
of length (L) and average the 
results to find the "best" 
value of V. Once a value is 
determined, it can be used 
safely for the entire roll. You 
will be surprised how far re¬ 
moved the values actually 
measured are from the stan¬ 
dard published values! 

Measuring 
Antenna Impedance 

Measuring antenna im¬ 
pedance with a noise bridge 
is very similar to the method 
used for finding the correct 
antenna length. We are as¬ 
suming that the antenna is 
properly cut and the null is 
found at the correct fre¬ 
quency. Despite the fact 
that the null is on the cor¬ 
rect frequency, it does not 
mean that the impedance is 
correct. Of course, incorrect 
impedance means a vswr 
problem. 

To measure antenna im¬ 
pedance, we should connect 
the antenna to the noise 
bridge through a piece of 
coaxial cable that is electri¬ 
cally one half-wavelength. 
That way, the antenna im¬ 
pedance will be reflected to 


the input end of the trans¬ 
mission line where the 
bridge is connected. The 
deepest null will occur when 
the R control is set to the ra¬ 
diation resistance of the an¬ 
tenna. Again we are as¬ 
suming that null occurs at 
the correct frequency. If the 
antenna is truly resonant 
then the X control will be at 
zero (indicating that X L = 
X<-). Once the impedance is 
known, we can determine 
whether or not any match¬ 
ing strategies are needed 

Other Circuits 

The noise bridge can be 
used to measure the input 
impedance of any tuned res¬ 
onant circuit provided that 
the impedance is within the 
range of the bridge. One 
would not want to use the 
bridge on any device that is 
supplying power, but on 
passive circuits it should 
work nicely. 

Untuned amplifiers and 
networks can also be tested 
with white noise. In those 
tests, one would not use the 
bridge portion of the instru¬ 
ment; only the noise-gener¬ 
ator section is used. The cir¬ 
cuit of Fig. 2 must be fitted 
with a BNC or SO-239 out¬ 
put connector that brings 
the noise signal to the out¬ 
side world. 

One unusual application 
for noise generators is in 
testing of signal-averaging 
instruments used in commu¬ 
nications laboratories (as 
well as in physiology/neurol¬ 
ogy). In those applications, 
the noise signal and a low- 
amplitude sine wave are 
mixed in a linear summation 
network before being ap¬ 
plied to the averager. If the 
instrument is working prop¬ 
erly, then the noise will aver¬ 
age to near zero while the 
periodic sine wave is en¬ 
hanced. 

The R-X noise bridge is a 
low-cost instrument yet it can 
provide amazing results Few 
items of amateur test equip¬ 
ment work as well or are as 
useful as this unfortunately 
neglected instruments 


Fig. 4. Using the noise bi 




e to find half-wavelength. 
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Ryan's Vertical Ecstasy 

Warning: Graphic depiction of vertical antenna array patterns. 
Explicit CoCo language. May incite construction frenzy. 


W ell now, this program 
is ideal for those de¬ 
siring to experiment with 
designing quarter-wave ver¬ 
tical antenna arrays (multi¬ 
element). Formerly, unless 
you had the facilities of an 
antenna-testing laboratory 
available or some rather ex¬ 
tensive equipment on hand, 
you had to go the old build 
'n' try method. 

With this program (and 
your trusty CoCo —see be¬ 
low), you can design multi¬ 
element quarter-wave verti¬ 
cal arrays in the comfort of 
your shack and construct 
only the final selected re¬ 
sult. It allows you to insert 


up to ten elements in any 
layout with either + or — 
phasing, with any power level 
to any element (all refer¬ 
enced to a reference ele¬ 
ment), see the result dis¬ 
played on a simplified Smith 
chart, and then call up the 
front-to-back ratio and gain 
data for the array. 

This is not completely 
original. The original version 
of this program was pub¬ 
lished in the May, 1980, 
issue of 73, in an article by 
Dennis Mitchell K8UR. It 
was written for the TRS-80 
Model I and, to use it with 
the TRS-80(C) —CoCo— I 
found that I had to exten¬ 



sively revise and modify it 
Eventually. I wound up re¬ 
doing the graphics com¬ 
pletely in order to take ad¬ 
vantage of the CoCo's hi-res- 
olution capabilities. Along 
the way, several features 
were added, like output-to- 
printer and distance-mea¬ 
surement capabilities (for 
converting degrees of wave¬ 
length to feet for any given 
frequency). 

The program, as written, 
requires the full 32K Ex¬ 
tended Basic version of the 
TRS-80(C) that's apparently 
in use by many hams today. 
However, by removing the 
printer option, the rather 
long program-operating in¬ 
structions (roughly lines 960 
through 1120), and several 
other lines (see the REM 
statements), you could 
squeeze this into a 16K Ex¬ 
tended Basic CoCo and still 
have the graphic output as 
well as the generated data. 

Program Restrictions 
and Capabilities 

Now first of all, this is for 
quarter-wave vertical ele¬ 
ments only. No multiband 
verticals count, as this pro¬ 
gram calculates for distance 
between elements and length 
of feedline between ele¬ 
ments, which, obviously, 
change with frequency 
changes. However, if you're 
willing to build the result 
keeping in mind that you'd 
have to move the elements 
and lengthen (or shorten) the 
inter-element feedlines, I 
suppose they could be used. 
To be sensible, just plan on 


using straight quarter-wave 
elements (made out of TV- 
mast tubing and mounted 
on a soda bottle, if neces- 
sary). 

Note that this program 
will calculate and display 
only the array's horizontal- 
angle radiation pattern. The 
vertical-angle radiation pat¬ 
tern is determined by your 
local effective ground (see 
references) and no provision 
has been made herein for 
that for two reasons: It prob¬ 
ably would drastically 
increase the size of the pro¬ 
gram, and your effective- 
ground value changes daily 
(again, see the referenced ar¬ 
ticle on ground effects). 

This program will, how¬ 
ever, calculate and display 
the array radiation pattern 
(horizontal), the F/B ratio, dB 
of gain, etc., for any arrange¬ 
ment of elements, spacing, 
and phasing. 

Program Operation 

A little about the program 
operation. Briefly, the vari¬ 
ous inputs requested are: 

1. Number of elements: 
Anywhere from two to ten 
(this can be increased by 
changing the value 10 in line 
80). 

2. Input relative phase: In 
degrees from 0 to 360 (+ for 
leading and — for lagging). 
360 degrees represents one 
wavelength, obviously. Two 
wavelengths would be 720, 
etc. 

3. Input angle of el.: The 
direction, in degrees, from 
the reference element (0 to 
360). 



Fig. 1. Typical printout of two-element quarter-wave vertical 
array. 
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Fig. 2. Printout of a four-element quarter-wave vertical array 
showing add pattern. 


4. Rel. amplitude of el.: 
The power, in Watts, going 
to the element in question. 
(If equal to that going to the 
reference element from the 
transmitter, then the answer 
is 1; if less, because you're 
inserting an rf attenuator in 
the line, then a decimal 
value.) 

5. Input spacing of el.: 
This is the distance from the 
reference element, in de¬ 
grees (i.e., 90 = V4 wave), to 
the element in question. 

Finally, at each element 
step you're asked if the data 
you have input is correct If 
not, you can answer with an 
N and enter the data for 
that element again. If your 
answer to the final element 
input is Y, then the program 
will go into the calculate 
mode. 

While calculating, the 
program will go into the 
graphics mode and show the 
simplified Smith chart, dis¬ 
playing the elements as you 
have called for them to be 
assembled into an array. 
The view is "bird's-eye" (see 
the printout example. Fig. 1). 
Be patient— Basic takes time, 
and a full array of 10 ele¬ 
ments could take 10-12 
minutes to calculate. 

Of course, you can insert 
the old "Vitamin E" poke— 
POKE 65495,0-at the be¬ 
ginning of the program 
listing, but I left it out 
because I run this program 
from disk, and without mak¬ 
ing internal modifications to 
the CoCo, the disk controller 
doesn't like this speed-up 
poke. If you're not running 
this with a disk system, you 
probably could use this 
poke, but, be sure to also in¬ 
sert the slow-down poke 
(POKE 65494,0) prior to any 
line calling for a printer out¬ 
put (if you use the printer 
option). This would speed 
up the calculating time by a 
factor of approximately 2, 
but for smaller numbers of 
elements it really isn't nec¬ 
essary. 

When the calculations 
are complete, the screen 
will erase and then replay 
the Smith chart with the 


elements displayed and 
begin plotting the radiation 
pattern, one degree at a 
time, before your eyes 
(sound included). When 
finished, follow the prompt 
and hit ENTER for the 
display of power-gain and 
F/B ratio figures. Follow the 
prompt to display the menu 
of optional features. 

The menu has eight 
choices. Item one will re-dis¬ 
play the Smith-chart plot. 
Items two and three will 
display the power gain and 
gain in dB either every two 
degrees or (in item three) ev¬ 
ery 30 degrees. The latter is 
best for one screen display. 

Item four is for a restart to 
calculate a new array. Item 
five will re-display only the 
Smith chart with the ele¬ 
ment placement, but no plot. 
Item six goes to a subroutine 
for calculating the actual 
physical distances between 
elements and the physical 
lengths of the feedlines be¬ 
tween elements for a given 
frequency. This same sub¬ 
routine is offered as part of 
item eight, which is the 
printout selection. Item 
seven simply re-displays the 
original display showing your 
input values for the original 
calculation. Item eight, 
should you elect to include 
it, needs several comments. 

Printout Routine 

Some of you may not 
elect to include this feature 
as its main purpose is to 
create a file of plotted 
antenna arrays in notebook 
or loose-leaf form. The sam¬ 
ple printouts included here¬ 
in (Figs. 1 and 2) show the 
results of the printout rou¬ 
tine itself. If you choose to 
incorporate this system, 
you'll be prompted, after 
the majority of the data is 
printed out, for the distance 
calculations. The printout 
routine allows as many as 
you desire for as many fre¬ 
quencies as you want. Just 
remember that for a given 
array design, the pattern will 
not vary because of fre¬ 
quency because the calcula¬ 
tions do not require frequen¬ 


cy as an input. The whole 
program assumes that you 
know how to calculate the 
length of a quarter-wave an¬ 
tenna. This distance calcula¬ 
tion is a final touch, and 
allows the calculation of 
oddball inter-element and 
feedline lengths. 

In order to use the print¬ 
out routine, some hardware 
consideration must be taken. 
This program, as listed here¬ 
in, is designed to work with a 
Star Gemini 10 (or 10X) dot¬ 
matrix printer. The screen- 
dump routine, which is not 
part of this program, is a 
commercial software prod¬ 
uct (probably sold by sever¬ 
al companies). You may 
have written your own for 
this or have a different 
brand of printer (i.e., Epson, 
Okidata, Radio Shack, etc.). 
If so, the DEFUSR and 
USRO calls in line 1390 will 
most certainly be different. 
Use your own. 

If you are using a Radio 
Shack LP-VII/DMP-100 print¬ 
er, you can use their 


SCRNPRT program, but in¬ 
sert the correct CHR$() 
figures for expanded print, 
etc. (see the REM state¬ 
ments in the listing). In all 
cases, load and execute the 
screen-dump program prior 
to loading and running this 
one. All of this, of course, 
only if you plan to use the 
printer output. 

Terminology Definitions 

Wavelength: In this case, 
the distance in degrees (0 to 
360, as in a circle) from the 
beginning of a wave to the 
end. All measurements in 
this program are converted 
into feet and inches already. 
If you are planning a rather 
gigantic array with element 
separations greater that one 
wavelength, then simply add 
the degrees on (i.e., 1 Vi 
wavelengths = 540 degrees). 
The distance-calculation op¬ 
tion allows the calculation 
of the linear distance be¬ 
tween elements, etc. 

Angle of element: In this 
case, the location of the ele¬ 
ment in question with refer- 
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ence to the center of the 
chart and the reference ele¬ 
ment in degrees around the 
compass (i.e., 45 degrees 
would be northeast). 

Relative phase: Refers to 
the measurements, again as 
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described above, except here 
it refers to the length of the 
feediine between the refer¬ 
ence element and the ele¬ 
ment in question (or the pri¬ 
or element if the elements 
are in series). 


REUative) AMPLCitude) of 
element: Refers to the 
amount of power this ele¬ 
ment receives (in the trans¬ 
mit mode) with respect to 
the reference element If the 
power to the element in 


question is the same as that 
of the reference element 
then the answer would be 1. 
If it is twice as much, the an¬ 
swer would be 2, and if half 
as much, .5 (here using an at¬ 
tenuator). In receiving-only 




























Cross-Reference 
Label References 




conditions, the answer would 
always be 1 

Input spacing of ELE- 
(ment): Refers to the dis¬ 
tance between the reference 
element and the element in 
question. This is not neces¬ 
sarily the same as relative 


phase, above. 

That's it! Experiment with 
it. You'll get some surprises 
when it comes to various 
values you pump into the 
phase-angle and distance in¬ 
puts as well as the layout of 
the array. A typical two-ele¬ 
ment array with the ele¬ 


ments and phase angle set 
at 90 (and -90) degrees (a 
quarter-wave) will give a 
heart-shaped radiation pat¬ 
tern with a 3.0-dB gain and a 
32-dB F/B ratio. Try others, 
including situations where 
the distances are less than 
the phase-angle figure. 


Type carefully, especially 
from line 860 to line 950.■ 
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Try Low and Behold 

Here's a shock: You've been wasting money on towers 
and poles. W1GV explains why low antennas 
may outperform high-altitude aluminum. 


Stan Gibilisco W1CV/4 
PO Box 561652 
Miami FL 331S6 




Fig. 1. During the hours of daylight, the ionospheric F layer 
sometimes splits into two parts, as shown at (a). These re¬ 
gions occur at altitudes of about 100 miles (the FI-layer) and 
150 to 250 miles (the F2-layer). During the hours of darkness 
and occasionally during the day, the F layer consists of a 
single ionized region at an altitude of 150 to 250 miles. 
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W e all have heard that 
the higher we put an 
antenna the better it will 
work. But this is not always 
true! Especially if you are a 
contester, you can benefit 
from a knowledge of how 
antenna height affects 
propagation distance. 

You have just gone to a 
tremendous amount of 
trouble —not to mention 
expense—to put your tri- 
bander up another 40 feet. 
The new 90-foot tower 
graces your neighborhood. 
You drive up the street with 
pride. Lay persons gape at 
the structure with awe. A 
space-age communicator 
genius, that's you! 

Finally, everything is 
hooked up and ready to go 
You anxiously switch on the 
rig and tune to 14.225 MHz, 
getting-ready for some DX. 
Sure enough, there's a CX3. 
You call him with the linear 
off, just for fun. A dozen 
others call him at the same 
time. You win. 

A JA station calls you 
and tells you that you are 
the strongest signal he has 
heard so far that morning 
Morning? It's 7:00 pm! Oh, 
yes jet lag. 


It works! 

Now for a little domestic 
chatter. You tune further up 
the band. Strange all of 
the stateside stations seem 
weak. Well, you guess, it 
must just be the conditions. 
Twenty meters can be a 
fickle band. You call CQ. 
No answer. Again. No 
answer. 

A moderately strong W5 
station is calling CQ. You 
answer. He comes back to 
someone else. 

Several more failures 
transpire before you make 
a stateside contact. But he 
tells you that your signal is 
just S3. Imagine! What an 
insult! 

Several evenings pass 
and half a Saturday before 
you allow yourself to won¬ 
der what’s happening DX 
seems great, but you'll get 
creamed in the sweep- 
stakes. 

No Coincidence 

There's an old saying that 
something isn't a coinci¬ 
dence if it keeps on happen¬ 
ing. Your new skyscraper 
antenna system just doesn't 
seem to work that well un- 




Fig. 2. The single-hop distance is related to the angle of ra¬ 
diation from the antenna, and also to the altitude of the ion¬ 
ized layer. The solid line shows the relation for the F2 region 
for the average altitude of 200 miles. The dotted line shows 
the relation for the FI-layer, for the average altitude of 100 
miles. 

less the other station is at advantage over a competi- 

least a couple of thousand tor who ignores the physics 

miles away. As the weeks of antenna height versus 
pass, you begin to notice performance 
that this effect is even more 

pronounced on 15 meters Single-Hop Distance 
than on 20, And on 10 me- How far from your sta¬ 
ters, it is still more vivid, al- tion will the strongest part 
though it could well be the of your signal come back to 
large skip zone that is re- Earth? That depends on the 
sponsible for the phenome- altitude of the ionosphere 
non on that band. at the time and also on the 

What causes this? angle of radiation from 

For horizontal antennas, your antenna, 
the angle of radiation de- Most propagation in the 
pends on the height of the high-frequency bands takes 
antenna above the effec- place via the F layer of the 
tive ground The higher the ionosphere. This layer often 
antenna above effective breaks into two levels dur- 
ground, the lower the angle ing the daytime; signals are 
of radiation. Your antenna then returned by a region 
is high Therefore, you can that is about 100 miles high, 
be pretty certain that the At night, the F layer ranges 
angle of radiation is low from approximately 150 to 
But is that good? For DX, 250 miles altitude, with the 
yes, it is good. But for con- average being about 200 
tacting stations closer in, it miles. This is shown in Fig. 1. 
may not be so good. Your Since the ionized layer is 
signal might be going "over usually higher at night than 
their heads." during the day, signal range 

If you are primarily a do- can be expected to increase 
mestic contester, you can during the hours of dark- 
benefit from a knowledge ness. And this is generally 
of the way in which antenna what does happen. If your 
height affects the single- antenna radiates most of its 
hop propagation distance, energy right along the hori- 
By placing your antenna at zon—that is, if the eleva- 
just the right height so the tion angle is zero degrees — 
strongest part of your signal the signal will "land" about 
will land in a densely popu- 1,600 miles away during the 
lated area, you can gain an daytime and about 3,000 



Fig. 3. The lowest lobe of radiation in the vertical plane oc¬ 
curs at an angle that is a function of the height of the anten¬ 
na above effective ground. The lowest radiated lobe is of 
primary interest in most cases. 

miles away at night. That's 100 miles and the average 
the maximum possible F2-layer (nighttime) height 
single-hop distance. The of 200 miles, 
limiting factor is the cur¬ 
vature of the Earth. 1 what Affects the 

Of course, multiple-hop Angle of Radiation? 
propagation makes it possi- So, you ask, how does 
ble to talk with hams all one control the angle of ra- 
over the world. In general, diation from an antenna at 
the lower your angle of ra- the high frequencies? The 
diation, the fewer hops are answer is that a horizontal- 
required for global propa- ly-polarized antenna, such 
gation. That's why a low an- as a dipole or yagi, exhibits 
gle of radiation is favored an optimum angle of radia- 
for DX. The fewer hops your tion that varies directly 

signal must take to get to with the antenna height 
the opposite side of the above the effective ground 
world, the lower the attenu- plane. (A vertical antenna, 
ation will be. assuming it has a good 

But suppose you live in ground system, always ra- 
Washington, DC, and want diates best at relatively low 
to talk with someone in angles.) 

New York City. If your angle The higher you put your 
of radiation is very low, antenna, the lower the 
most of your signal will angle of radiation will be, 
overshoot its goal. You'll be as a general rule, 
heard very well in Green- We should take note 
land, perhaps, but not in the that, at 160 meters, it's prac- 
Big Apple. tically impossible to con- 

The distance at which trol the angle of radiation 

your signal "lands" after a from a horizontal antenna, 
single hop is a direct func- Unless you live in the wide- 

tion of the angle of radia- open country and still have 

tion The lower the radia- to register your tower with 

tion angle with respect to the Federal Aviation Ad- 

the horizon, the greater the ministration, you can stop 

propagation distance. Fig. 2 worrying about the prob- 
is a graph illustrating the lem on that band. A hori- 

function of one-hop dis- zontal antenna for 160 

tance versus radiation an- meters radiates most of its 
gle, based on the average energy at very high angles, 
FI-layer (daytime) height of unless you put it at least 
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250 to 300 feet above the 
ground. That's not easy! A 
vertical antenna radiates at 
somewhat lower angles — 
provided a good radial sys¬ 
tem is installed. At 160 me¬ 
ters the installation of an 
excellent radial system is 
no small task, either. 

At 80 meters, the prob¬ 
lem still will not concern 
most of us. An 80-meter di¬ 
pole must be at least 125 to 
150 feet up for the angle of 
radiation to drop much from 
the zenith. 

At 40 meters, the situa¬ 
tion becomes different. For 
short-range communica¬ 
tion, a height of 30 to 40 
feet is best; for intermedi¬ 
ate-range, 50 to 75 feet is 
optimum. That is not unrea¬ 
sonable for many hams (al¬ 
though for some it's an utter 
impossibility). For long-dis¬ 
tance work, the old Oxer's 
rule applies: Put the anten¬ 
na up as high as you can. 

At 30 meters and above, 
modest antenna height can 
result in an angle of radia¬ 
tion that might be lower 
than you want it. 

How do we determine 
the maximum angle of ra¬ 
diation from a horizontal 
antenna, in terms of its 
height? 

First, we must realize 
that the effective ground 
plane for radio-frequency 
energy usually doesn't coin¬ 
cide with the actual Earth 
surface. For flat, level 
ground without man-made 
structures, the effective 
radio-frequency ground 
plane lies several feet 
below the surface. 2 Ob¬ 
structions such as trees, 
utility wires, house wiring 
and roofing, and steel- 
frame buildings can raise 
the effective ground plane. 

In an area congested with 
steel-frame buildings, the 
effective radio-frequency 
ground plane may be well 
above the level of the 
Earth's surface. 

For the average residen¬ 
tial dweller, the effective 
ground plane is probably a 
little bit below the actual 
surface. In the city where 
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Fig. 4. The direct wave and the ground-reflected wave com¬ 
bine, at a distant point in the sky, in varying phase, depend¬ 
ing on the takeoff angle. At (a) an example is shown of how 
these waves are emitted from a yagi antenna. At (b) a typical 
vertical-plane radiation pattern is illustrated for a yagi an¬ 
tenna at a height of a little less than 1 wavelength. (The low¬ 
er lobe is of primary interest in most cases.) 


there are many tall build¬ 
ings of widely varying stat¬ 
ure, it can be difficult to 
estimate the level of the ef¬ 
fective ground plane be¬ 
cause of the irregular distri¬ 
bution of obstructions and 
because the effect of such 
obstructions varies with the 
wavelength. If your QTH is 
in the downtown area of a 
sizable metropolis, you'll 
probably have to resort to 
trial and error to find out 
how your antenna height af¬ 
fects the angle of radia¬ 
tion—if you have any con¬ 
trol over the situation at all. 

The effective height of 
an antenna is, in general, a 
little greater than its actual 
height in most suburban or 
rural locations. To obtain 
the effective height, add 
about 5 feet to the actual 
height. 

Once you have deter¬ 
mined the angle of radia¬ 
tion that you want, using 
Fig. 2, you can determine 
the optimum height for 
your antenna, in wave¬ 
lengths, from Fig. 3. Where 
do we get Fig. 3? The signal 


from your yagi antenna 
goes out in all directions. 
Although much of the ener¬ 
gy is propagated horizon¬ 
tally because of the direc¬ 
tional nature of the anten¬ 
na, some goes straight up 
and some goes straight 
down; some goes up and 
down at 30-degree angles 
with respect to the horizon. 
Overall, half of the energy 
is emitted toward points 
above the horizon and half 
is sent out toward points be¬ 
low the horizon—that is, to¬ 
ward the ground. The ground 
signal is reflected at the ef¬ 
fective ground plane and is 
reversed in phase. It then 
heads back up into the sky, 
toward the ionosphere. 

The familiar rule of op¬ 
tics applies to radio waves 
just as it applies to rays of 
light: The angle of reflec¬ 
tion is equal to the angle of 
incidence. Ground reflec¬ 
tion occurs at all possible 
angles of incidence; energy 
sent straight down from 
your antenna gets sent 
straight up, energy sent 
down at a 30-degree angle 


gets reflected back up at a 
30-degree angle. Ground re¬ 
flections occur over a large 
area surrounding your an¬ 
tenna. 

At great distances and al¬ 
titudes, the direct wave and 
the ground-reflected wave 
combine in varying phase, 
depending on the angle 
above the horizon. Fig. 4(a) 
illustrates the geometry 
of the situation. Fig. 4(b) 
shows an example of the 
sort of radiation pattern 
that occurs. This phase pat¬ 
tern is quite complicated, 
but it can be determined by 
simple plane geometry. The 
lowest lobe—the one that 
occurs nearest the hori¬ 
zon—contains the most sig¬ 
nal energy of any lobe. The 
angle at which this lobe oc¬ 
curs, as a function of the 
height in wavelengths, is 
the lowest angle at which 
the direct and ground-re¬ 
flected waves add in phase. 
It is this angle, as a function 
of the antenna height in 
wavelengths, that is shown 
in the graph of Fig. 3. 

Optimum Angle Versus 
Height in Feet 

Most of us have antennas 
that stay at the same height 
all of the time. Variable- 
height towers exist (but 
those of us who have 
"crankups" generally think 
of such towers more as 
"crankdowns" — to keep 
the neighbors from suing 
for half the gross national 
product because of the eye¬ 
sore), and from the above 
discussion it should be evi¬ 
dent that they can be used 
to advantage in medium- 
range operation. 

Your antenna height in 
wavelengths can be deter¬ 
mined by a simple formula, 
assuming you know the fre¬ 
quency or wavelength and 
the height of your antenna 
in feet. The following for¬ 
mula applies, letting h rep¬ 
resent the height in feet 
above the actual ground 
surface, f the frequency in 
megahertz, and y the effec¬ 
tive antenna height in wave¬ 
lengths: y = (h 4- 5)f/984. 





For example, suppose your ruler against the mileage 

antenna is 50 feet above the scale, you have determined 

ground surface. Then the is 1640 miles away. You de¬ 
height in wavelengths cide to try 14 MHz, since 

above effective ground, at that band has been pretty 

14 MHz, is (50 + 5) X good lately. How high 

14/984, or 0.78 wavelengths, should your antenna be, as- 

At this height, the optimum suming you want to have 

angle of radiation from the sked at 9:00 pm? 

your antenna can be deter- Look at Fig. 2, at the 
mined, from Fig, 3, as ap- F2-layer (nighttime) line, 
proximately 20 degrees. and you can see that the op- 

Now, using Fig. 2 you can timum angle of radiation is 

find the one-hop distance about 15 degrees. How high 

for FI-layer or F2-layer should your antenna be? 

propagation. During the Checking Fig. 3, you can see 

day you should expect a that the height should be 

distance of pretty close to just about 1 wavelength 

500 miles via the FI-layer, above effective ground, 

assuming this layer is ionized Now, we must convert this 
at that time. (If not—and value to feet. The "inside- 

the FI-layer is not always out" version of the above for- 

ionized during the daylight mula can be used for this 

hours —the propagation purpose: h = 984y/f — 5. 

will occur via the F2-layer.) At 14 MHz, with y = 1, we 

At night or if the FI-layer is have h = 984 X 1/14 — 5, 

not ionized, you can expect or h = 65 feet. This isn't ter- 

the propagation distance to ribly high. If your tower is 

be about 1400 miles. 90 feet high, you may well 

Let's try this in reverse, overshoot your target. 
Suppose you want to keep a 
schedule with a friend Conclusion 

whom, after you have Neither the ground nor 
checked on a map with a the ionosphere is perfectly 


predictable. Certainly there to actually listen to the sig- 
will be exceptions, in prac- nals from a certain area, 
tice, to the guidelines given and thereby optimize your 
here. The most notable ex- antenna height empirically 
ception is that the FI-layer (after getting the general 
may fail to ionize during idea by using the graphs 
the daytime and you can- and formulas given here), 
not tell until you find out by Antenna height is, at the 
trial and error. The ionized high frequencies, only 
layers vary somewhat in slightly less important than 
height, as well, and thus the the direction in which it is 
above formulas are not ex- pointed We would not 
act. The effective ground think of pointing a yagi 
plane in your location may west if we wanted to work a 
not be exactly 5 feet below station to the south of us. 
the actual surface. Similarly, an antenna that is 

We are dealing with vari- far too high (or, less fre- 
ables. But it is certainly bet- quently, not high enough) 
ter to have some idea of can detract from the signal 
how high you should put strength. The contest opera- 
your antenna, instead of no tor, especially, should at- 
idea whatever, or a grossly tempt to optimize the an- 
erroneous notion. The tenna height as well as its 
above information should direction. A slight edge can, 
give you a very good idea! as we know, make a big dif- 
Probably the best ap- ference. Number 2 differs 
proach for optimizing an- from 1 by 100 percent! ■ 
tenna height is the crankup 
tower or, better still, a mast References 
or tower with an electric t The ARRL Antenna Book, 13th 
motor so you can raise or Edition, 4th Printing, The Ameri- 
lower your antenna by re- can Radio Re i ay League, Inc., 
mote control from the sta- Newington CT, 1977, page 17. 
tion. This would allow you 2. Ibid., page 46. 










lohn M. Franke WA4WDL 
1310 Bolling Avenue 
Norfolk V/\ 23508 


A No-Holes Barred Beam 

What to do when the lease says "no antennas": 
Turn your entire house into a broadside dipole. 


P roblems common to am¬ 
ateur-radio operators 
who rent homes or apart¬ 
ments or live in condomini¬ 
ums or townhouses are re¬ 
strictions on antennas. I 
rent the house that I pres¬ 
ently live in and miss the 
freedom to put up towers or 
antennas indiscriminately. 
However, I have not given 
up. Examples of my past so¬ 
lutions to this antenna 
problem (for the microwave 
spectrum) have been re¬ 
ported in this journal. 1 

A more recent antenna 
project was to improve re¬ 
ception of a distant channel 
2 television station. The sta¬ 


tion, in North Carolina, is 
the only station within 150 
miles that carries "Monty 
Python's Flying Circus"—a 
program to which my wife 
and I are thoroughly addict¬ 
ed. Our landlord, who has a 
strong distaste for Monty 
Python humor, will not per¬ 
mit a three-element beam 
for channel 2 to be mount¬ 
ed on the chimney. What 
does this have to do with 
amateur radio? Channel 2 is 
close in frequency to six 
meters, and the antenna 
presented here can easily 
be scaled for six-meter, 
10-meter, and 15-meter op¬ 
eration or scaled up in fre¬ 


quency for 2-meter or 1 !4- 
meter operation. 

An essential element of 
the design of this antenna is 
the design of the house. My 
house meets the two design 
requirements. First, one 
side faces the television sta¬ 
tion that I wanted to re¬ 
ceive. Second, the house 
has aluminum siding. Up to 
this time, I had considered 
the aluminum siding to be a 
drawback. What amateur- 
radio operator wants to live 
in a shielded box? But now I 
had a use for the siding; it 
forms a reflector screen for 
a single-element broadside 
antenna—see Fig. 1. 

The driven element is a 
half-wave folded dipole. 
(Even though the antenna is 
used only for reception, the 
active element is called the 
driven element.) The folded 
dipole is made from 300- 
Ohm twinlead. The length of 
the folded dipole is found 
by: L (ft.) = 492/f(MHz) 
X .95 X .82. The factor 492 
accounts for the speed of 
light in English units, fring¬ 
ing effects are represented 
by the factor 0.95, and 0.82 
is the velocity factor of 
common television twin- 
lead. If open-wire construc¬ 


tion is used, omit the 0.82 
factor. 

The driven element is fed 
with twinlead although the 
feed impedance is probably 
closer to 200 Ohms. A 4-to-1 
coaxial balun would prob¬ 
ably result in a good imped¬ 
ance match to 50-Ohm cable. 
The driven element is spaced 
0.2 wavelengths in front of 
the siding; S (ft.) = 984/ 
f(MHz) X 0.2. 

Simple enough? Yes, but 
the hard part is how to con¬ 
struct and mount the anten¬ 
na without drilling holes, 
and still be able to rapidly 
erect or remove it. The solu¬ 
tion I found is shown in 

Fig. 2. 

A frame is constructed 
using PVC plumbing tubing. 
This modern synthetic ma¬ 
terial is cut easily with a 
hacksaw and spliced with a 
fast-curing cement. Re¬ 
member when glue and 
paint would dry? Now it 
cures, hardens, fuses, or 
passes through some chem¬ 
ical metamorphosis! Any¬ 
way, T fittings, elbows, 
45-degree bends, and end 
caps are readily available 
at most hardware stores. 

The frame hooks onto 



The window-mounted VHF antenna. 
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the windowsill and is held 
spaced away from the 
house by two legs. The legs 
have end caps to prevent 
them from marking the sid¬ 
ing The folded dipole is in¬ 
side the long horizontal 
piece The feedline is inside 
the center leg. The antenna 
shown was constructed 
from Vj-inch (inside diame¬ 
ter) white tubing The white 
tubing is almost invisible 
against the white siding. For 
ten-meter or longer wave¬ 
length bands, I would rec¬ 
ommend one-inch or larger 
tubing. For six-meter and 
higher frequencies, I would 
stay with the cheaper Vi- 
inch tubing. 

The central leg was fabri¬ 
cated first. After the feed¬ 
line was threaded down the 
tubing, the driven element 
was soldered to the feed¬ 
line. The driven element 
was lacied to a long, thin 
wooden stick to prevent it 
from twisting Then short 
sections were added to 
each side, the spacer legs 



side antenna. 

added, and finally the end 
sections cemented on, com¬ 
plete with end caps. The 
completed antenna quickly 
hooks in place. When not 
being used, it is lowered 
with a cord down behind 
the bushes. 

The antenna has been a 
complete success and is 
still in use. The total cost in¬ 
cluding cement, tubing, 
and twinlead was less than 
fifteen dollars. The design 
can readily be scaled to am¬ 
ateur frequencies One 
could be mounted on each 


of four walls to achieve om¬ 
nidirectional coverage The 
beam pattern can be wid¬ 
ened by increasing the di- 
pole-to-wall spacing to three- 
eighths wavelength. The 
center and spacer legs 
could be left uncemented 
and assembled with a lock 
pin or screw to allow the an¬ 
tenna to be collapsed 
enough to pass through the 
window and eliminate low¬ 


ering it down after use. (Be¬ 
cause of the way siding is 
mounted, this method is us¬ 
able only for horizontally- 
polarized antennas.) Build 
one and let me know how 
you like it.■ 

Reference 

1. 'Try the GHz Getter," 73, Oc¬ 
tober, 1982, pp. 50-52, and “The 
Amazing Cylindrabola," 73, Sep¬ 
tember. 1983, pp. 54-55. 


HARDLINE 
7/8 "-50Q 

*1 35 / Foot 



A.G.W. 

ENTERPRISES 

Route 206-RD 10 
Vincentown, N.J. 


DISCOVER THE ULTIMATE 
POTENTIAL OF YOUR STATION 
609 - 268-8166 


WORK THE U.H.F. BANDS 


TRANSVERTERS 


Hi module available lor P\. OSCAR. 

MMT 50-144 SI89.95 
MMT 144-28 $169.95 
MMT 432-28 (S) $259.95 
MMT 439-ATV $339.95 
MMT 1296-144 $299.95 
OTHER MODELS AVAILABLE 
write for details 


POWER AMPLIFIERS 

all models include RF VOX 
(no pre-amp in MML432-II 


D8-2M Si 

1296-LY $ 

10X5' $ 

70 cm/MBM 48 
70 em/MBM 88 





Spectrum International. Inc. 

Pom Office Box 1084S - 

Concord, Mass. 01742 US 


9 


46 73 Magazine • October, 1984 





Another Eggbeater 

Don't be a VHF weakling. Pump up your performance 
with this simple 2m omni. 


lohn Steidley WD5DNL 
Rt. 2, Box 356 
McAlester OK 74501 


M any two-meter anten¬ 
na construction arti¬ 
cles have appeared in the 
past, probably more than 
necessary. Even so, here is 
my adaptation of an anten¬ 
na from the April, 1971, issue 
of QST. The antenna was 
called an eggbeater. It is two 
full-wave loops mounted at 



guide. 
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right angles and fed 90 de¬ 
grees out of phase to pro¬ 
duce an omnidirectional, 
horizontally-polarized an¬ 
tenna. The round loops were 
changed to the more famil¬ 
iar square configuration. 
The feedline is attached to 
the side to produce vertical 
polarization. The phasing 
and feedlines are twinlead 
(300 Ohms). The balanced 
line is brought into the 
shack where a tuner is used 
to match to 50 Ohms. 

Construction 

The antenna uses a six- 
foot piece of wood (1" X 1") 
as its center support. Two 
twenty-inch cross pieces are 


used (I used scrap pieces of 
molding, but 1" X 1" wood 
will work just as well). 

In preparing the center 
support for mounting the 
elements, it will be neces¬ 
sary to drill two holes at the 
top at right angles to each 
other. See Fig. 1. The exact 
size will depend on the type 
of wire used for the ele¬ 
ments; just make the holes 
large enough for a snug fit. 
Measure twenty inches 
down from each of the top 
holes and drill two more 
holes for the bottom of the 
wire elements. See Fig. 1. 
Mount the twenty-inch cross 
pieces ten inches from the 
top holes. Use two small 


screws to fasten each boom 
to the center support. See 
Fig. 2. 

Feedpoint insulators are 
Plexiglas™, three inches 
long and one and a half inches 
wide. These are attached to 
the cross booms with small 
screws. Holes are drilled one 
inch from each end of the 
Plexiglas insulators, and the 
feedline and wire elements 
are attached here. See Fig. 3. 
You can use solder lugs and 
screws to hold these wires to 
the insulator (or washers and 
screws). The first method 
with soldered connections is 
recommended. 

Insert the wire for the ele¬ 
ments in the holes and bend 
them into a square shape 
twenty inches on a side. See 
Fig. 4. Use #12 copper, either 
bare or insulated. You can 
use a larger size of alumi¬ 
num wire, but this will make 
it necessary to experiment 
with the length to achieve 
resonance. The wire used in 
this model is #12 copper 
that is 81 inches long and 
was salvaged from a piece 
of electrical service wire. 

The feedpoints for the an¬ 
tenna are attached to the in¬ 
sulators and the opposite 
sides of the loop are held to 
the cross booms with fishing 
line. See Fig. 4. Two small 
holes are drilled and the 
fishing line is wrapped 
around the element and the 





Fig. 3. A Plexiglas™ insulator. 


boom about ten times at 
each hole. A dab of epoxy 
glue covers the wire and 
fishing line. 

Attach the phasing line 
between the two feedpoints. 
I use twinlead sixteen inches 
long. The main feedline is 
also 300-Ohm twinlead and 
is connected to either ele¬ 
ment. The feedline is then 
taped to the wooden center 


support. See Fig. 4. Electri¬ 
cal tape is used to secure the 
phasing line also. Standoff 
insulators are used on the 
metal parts of the mast. 

Conclusion 

Use a good grade of twin- 
lead and plenty of standoffs 
to preserve the balance of 
the line. Weatherproof the 
wood used (several coats of 



The vertical eggbeater for two meters. 


paint or spar varnish will do). 
Let me point out that it isn't 
necessary to use wood. One 
model of this antenna used 
PVC for the center support 
and cross booms. I use ten 
Watts of power and have en¬ 
countered no problems. 
With higher power you may 
need to use the transmitting 


yagi, it doesn't require a 
rotor to aim the antenna; it 
has been a great improve¬ 
ment over the various 
ground planes and vertical 
dipoles I've used in the past. 

I haven't tried stacking 
the vertical eggbeater, but it 
should give some gain and a 
lower angle of radiation. 
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lohn S. Wilcox KS4B 
640 Breton Bay Drive 
Leonardtown MD 20650 


A Tree-Mendous Vertical 

Build an 80m DX-getter that really grows on you. 


E ighty meters is a fun 
band. Something for ev¬ 
eryone is the byword. From 
the diverse nets entangling 
the top end, through the ca¬ 
sual groups and rag-chews 
in the spectrum, to the well- 
populated CW band, you 
are challenged not to find 
an entertaining operation. 
DX, especially in the winter 
months, is surprisingly 
good. With the sunspot cy¬ 
cle approaching its mini¬ 
mum, we'll see it get even 
better. 

For you uninitiated, tune 


through the 3790-3800-kHz 
DX window some evening 
from sunset until a few 
hours after. For the most 
part, I guarantee you'll hear 
stateside stations working 
DX. What I can't guarantee, 
with your 30-foot-high load¬ 
ed dipole or ground-mount¬ 
ed trap vertical working 
against 3 radials, is whether 
you'll hear the DX stations. 

80 meters is no different 
in its antenna requirements 
than the other HF bands. A 
dipole or inverted-V hung a 
half-wave above ground is 
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a good performer, as is a 
quarter-wave vertical work¬ 
ing against a good ground 
system. The only problem is 
that a half-wave at 3.8 MHz 
is over 120 feet. The oppor¬ 
tunity to construct such an¬ 
tennas eludes most of us 
because of space restric¬ 
tions or lack of green 
stamps to buy and plant 
large support structures. A 
forty-foot-high inverted-V 
might bag WAS on the 3787- 
kHz GERATOL net during a 
winter season, but it lacks 
the zing needed for DX 
competitiveness. 

All is not lost! Described 
here is a low-angle radiator 
that anyone with a 40-foot- 
high tree in the vicinity of 
the ham shack can con¬ 
struct and use to gain that 
competitiveness on 80 
meters. 

Design of this antenna is 
an adaptation of the folded 
umbrella described by John 
Haerle WB5IIRT I suggest 
you obtain John's article for 
further information on this 
superior design. Construc¬ 
tion is simple, straightfor¬ 
ward, and noncritical. No 
ground radials, base insula¬ 
tors, loading coils, or high- 
cost items are required. Ap¬ 
proximately 100 feet of 
small nylon line, some as¬ 
sorted TV hardware, a few 
ground rods, and four 90- 
foot lengths of any wire are 
all that's required. I recom¬ 


mend no. 14 insulated 
house wire, but I've used 
no. 17 galvanized-steel 
electric-fence wire in one 
installation. 

Observing Fig. 1, you can 
see the idea is to cage the 
tree with wire. I use 4 wires, 
but I have the feeling more 
vertical wires along the 
trunk would be an improve¬ 
ment. Sure, I know. Every¬ 
one says trees are great rf 
absorbers, but I'll say this 
antenna plays as well as 
John's folded umbrella in 
my backyard. 

Attach four TV-standoff 
eyes at equal spacing 
around the base of the tree 
about a foot off the ground. 
Form a loop of wire through 
the eyes. Hammer in 
ground stakes by each eye 
and connect wire to the 
stake and loop by soldering 
or using small Servit™ con¬ 
nectors. This completes the 
ground system! A few radi¬ 
als will help if you have the 
room but are not neces¬ 
sary. 

Place four more eyes into 
the tree an inch or two 
above the ground-ring eyes. 
Form a wire loop through 
these eyes. Roughly mea¬ 
sure 90 feet of wire and at¬ 
tach an end to one of the 
eyes. Measure 40 feet from 
the eye and tag the wire 
with some tape. Measure 25 
more feet and twist a loop 





hal-Tronix, Inc. -gfi ' 

P.O.BOX 1101 DEPT. 7 lw " 


in the wire. Attach about 30 
feet of nylon cord to the 
loop. This is shown in Fig. 1. 
Now climb the tree with the 
loose end of the wire, mak¬ 
ing sure it lays close along 
the trunk. When you reach 
the tag height, screw in four 
more eyes. Again, form a 
loop of wire through them. 
Thread the loose end of the 
wire through one eye and 
throw the remaining wire 
and nylon cord out through 
the branches. A weight will 
help. Bring up three more 
wires using the respective 
eyes. I did these one at a 
time to keep them from tan¬ 
gling. The branches of my 
oak tree were enough to 
contend with! 

At the top standoff eyes, 
attach a 10- to 15-foot wire 
to each. Either continue up 
the tree with them to anoth¬ 
er eye and wire-loop ar¬ 
rangement, or if you've run 
out of tree, lay them out on 
limbs to form a semblance 


ground, pull the four loose 
wire ends in to the tree 
trunk and connect them to 
their respective eyes as 
shown in Fig. 1. All con¬ 
nections should be sol¬ 
dered or connected with 
Servits. 

Open-wire feed from an 
unbalanced matchbox will 
net you all bands from 160 
through 10 meters If you 
desire coax feed, you might 
have to adjust the top-hat 
length to resonate the an¬ 
tenna to your preferred 80- 
meter frequency, although 
you'll find it's quite broad- 
banded 

Now try 3790-3800 kHz 
some evening and enjoy 
working DX. I know it 
doesn't outperform WICF's 
phased array, but then I 
haven't wired the other 
three trees!® 

Reference 

1- John M. Haerle WB5IIR, 
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Bob Eldridge VE7BS 
Erickson Road 
Pemberton BC VON 2L0 
Canada 


When Darkness Calls 

On 160m i, success means diligent planning: These tips 
on gray-line propagation are your key to Top-Band DXCC. 


A nyone who works Top 
Band knows that strange 
and wonderful things hap¬ 
pen around sunset and sun¬ 
rise (twilight at your end of 
the QSO, at the other end, or 
at both). There are some in¬ 
teresting reasons for this, 
and if you have a better un¬ 
derstanding of what causes 
the DX to emerge at these 
special times, you have a 
head start in the drive for 
WAC or DXCC 160. 

"Sunrise" in this context 
may last quite a while, from 
sometime before the sun ac¬ 
tually appears until some¬ 
time after it has cleared the 
horizon. The duration of the 
effect depends on the lati¬ 
tude of the location and the 
time of year. For example, in 
midwinter at the equator the 
time window is very narrow, 
about ±5 minutes; at 50° 
about ±45 minutes; at 60° 
about ±90 minutes. If you 
have watched the sun rise in 


the tropics, you will have no¬ 
ticed that it rises almost due 
east and zooms straight up 
into the sky very quickly. In 
polar regions it creeps out of 
the SSE horizon and travels 
almost horizontally, so it is 
not easy to decide just when 
it has actually arrived. 

Finding the Times of 
Sunrise and Sunset 

There is no problem in 
knowing when to expect 
your own sunrise and sunset, 
but how can you find the 
times for a particular DX lo¬ 
cation? Here are some of the 
ways: 

1)The "DX Edge" is a 
slide-rule-type operating aid 
made especially for this pur¬ 
pose and has information on 
zones, prefixes, etc., as well. 
It is simple to use and is 
available for $14.95 post¬ 
paid from: The DX Edge, PO 
Box 384, Madison Square 
Station, New York NY 10159. 


2) If you have a calculator 
which handles trigono¬ 
metric functions (and you 
know how to use it), the 
times can be calculated us¬ 
ing the formulas in Fig. 1. To 
use these formulas you have 
to know the inclination of 
Earth's axis with respect to 
the direction of the sun at 
that particular time of year. 
John Devoldere ON4UN has 
a table showing this in his 
book, 80-Meter DXing, and 
can also supply a computer 
printout of times by prefix. 
An inclination table can also 
be found in K6UA's "Cray 
Line" article in CQ, Septem¬ 
ber, 1975, p. 30. 

3) If you have a Commo¬ 
dore computer, you can buy 
a collection of programs 
(which includes an excellent 
sunrise/sunset program by 
David Williams) for only 
$10.00 from Public Domain, 
5025 Rangeline Road, West 
Milton OH 45383. If you 
own a Commodore 64, ask 
for Collection #4 and you'll 
get 37 other programs as 
well for your ten bucks— 
can't beat 254 a program! 
You enter the latitude and 
longitude of the location 
and the date; if you wish, it 
will automatically convert 
to UTC (GMT for the old- 


fashioned or Zulu for some). 
The computer also asks for 
the angle of the sun over the 
horizon. I enter 0°. The au¬ 
thor of the program put in 
— .75° as "a widely-used fig¬ 
ure." It makes only a few 
minutes difference in the 
calculation, but if anyone 
out there in 73-land knows 
what this is all about, write a 
letter to 73 and let the rest 
of us know. 

4) Finally, you can use Fig. 
2, which is taken from a 
CCIR Report and is good for 
anywhere in the world at 
any time of the year. The 
time scale is in local stan¬ 
dard time, so use the longi¬ 
tude of the station concerned 
to convert to Universal Time. 

On the month axis, esti¬ 
mate the position of the spe¬ 
cific day on the scale. This is 
very important in spring and 
fall; for example, you will 
see from the chart that at 
50°S on the 1st of February, 
sunrise is about 4:40, but by 
the end of the month it is 
5:25. 

The Gray Line 

The great circle line 
around Earth dividing the 
dark side and the sunlit side 
of the planet is called the 
"terminator." It is not a very 


_ longitude W cos- 1 (tan a x tan latitude N) 

Sunrise- ^^ - 

longitude W cos-^tana x tan latitude N) 
Sunset = -^-15- 

Fig. 1. Formulas to calculate sunrise and sunset in decimal 
UTC where "a" is the inclination of Earth's axis with respect 
to the direction of the sun at that particular time of year. 
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sharp division except near 
the equatoi, and radio ama¬ 
teurs call it the gray line, a 
descriptor brought into 
radio terminology by K6UA 

On the daylight side of 
Earth, the D-layer of the ion¬ 
osphere is heavily ionized 
and absorbs most of the 160- 
and 80-meter signals, pre¬ 
venting them from reaching 
the reflecting layers above 
At night the D-layer has de¬ 
cayed and these signals can 
easily go through to the 
upper layers and be reflect¬ 
ed down to more distant lo¬ 
cations 

At the terminator, a spe¬ 
cial condition exists Fig 3 

shows the conditions in the 
ionosphere which help the 
DXer at the eastern end of 
the darkness path at sunrise 
(European working into W. 
or W working into JA. for ex¬ 
ample). 

Ionization builds up first 
in the upper layers, and in 
fact, never entirely disap¬ 
pears from them in the mid¬ 
dle of the night. At twilight 
the D-layer is only partially 
ionized: too little to absorb 
the 160-meter signal, and 
too much to allow the 
signal to pass straight 
through to the upper layer 
and be reflected down to 
medium distances (as it 
does during the night) 

The partial ionization 
causes the signal to be re¬ 
fracted (bent) in the D- 
layer, and it may travel hun 
dreds or thousands of miles 
within the layer before go¬ 
ing on its way to the upper 
layer Not only does it go 
further before hitting that 
layer, but it also arrives at a 
narrower angle, making for 
both better reflection and a 
longer hop 

You can see that for a sta 
tion right near the termi¬ 
nator, an antenna with a 
high angle vertical takeoff 
lobe may sometimes reach 
out further than one with an 
antenna which concentrates 
the signal closer to the hori¬ 
zon, but the low-angle an¬ 
tenna will stay in contact for 
a longer period after sunrise 
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fig. 2. Times of sunrise and sunset anywhere in the world (in local standard time). 


There is another phenom¬ 
enon which helps the Top 
Bander at sunrise. On the 
dark side of Earth, the E-lay¬ 
er is higher than it is on the 
sunlit side. At the termina¬ 
tor, where the transition 
from one height to the other 
occurs, the layer is tilted and 
signals reflected from it 
come down at a more useful 
angle for DX working. Fig. 3 
illustrates this effect which 
was explained in 1979 by 
Hortenbach and Rogler 3 
So what do we do about it? 

• At your sunrise, look for 
signals from the west of you 

• At your sunset look for 
signals from the south and 
southeast (along the termi¬ 
nator) and then from the 
east 

• If you are in darkness, 
look for signals from the 
east at the distant station's 
sunrise or before it. 

• If both you and the dis¬ 
tant station are on the edge 
of the darkness path, there is 
an especially good chance 
of propagation between 
you ■ 


References 

1. John Devoldere ON4UN, 80- 
Meter DXing, Communications 
Technology, Greenville NH 
03048. 

2. K6UA, W6NLZ, and K6SSS, 


“The Gray Line Method of DX¬ 
ing," CO, September, 1975. 

3. K. J. Hortenbach and F. Rog- 
ler, "On the propagation of 
shortwaves over very long dis¬ 
tances ... ”, Telecommunica¬ 
tion Journal, June, 1979. 



Fig. 3. Sunrise in Europe. 
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SOCIAL EVENTS 


2300 MHZ MICROWAVE DOWNCONVERTER 


BACK ISSUES 


1977to June 1980 ...SS.OOee 
July 1980to present.. $3.80 ea 


Add $1.00 per magazine for 
shipping. 10 or more back Is¬ 
sues add $7.50 per order for 
shipping. 

Write for your copy today! 

78: Amateur Badio’s 
Technical Journal 
Back Issue Order Dept. 

80 Pine Street 
Peterborough, BH 08488 


* Complete Downconverter 

* One year Warranty 

* Surge voltage protected 

* Choice of two RF Preamps 

* Model RP... $65 (15 miles) 

* Model RP + . . $75 (25 miles) 


Send check or money order to: 
K&S ENTERPRISES 
Box 741 " 16S 

Mansfield. MA 02048 





MATCH MOST ANTENNA-rEEDLINE 
COMBINATIONS TO YOUR RIG 

MATCHES: dipoles, inverted vees, beams quads, 

Is, mobile whips, random wire, etc. that are fed 
balanced line or single wire 
MAXIMUM POWER: 300 watts RF 
INPUTS (selectable tram tront panel): 


RADKXV 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

employees brought a mass of 
them. 

Between the people at Byte, 
WGI, and WGE in Peterborough, 
I’ll bet there are over 500 Wayne 
Green people in this town of 
5,000. It seems as if I get waved 
at and greeted by almost every 
other car as I putt around on my 
new Yamaha. 

By passing along the things I 
have learned through the years, 
I’ve helped at least a couple 
thousand people learn about 
publishing, electronics, and 
computers—and that doesn’t 
count the readers I’ve influ¬ 
enced. l visited one of the com¬ 
puter publishers a few days ago 
only to find a solid fan who got 
hooked while reading 73. He 
claimed that my editorials pushed 
him to get into business—drove 


him to it. He’s worth millions 

We’re moving along to start a 
magazine publishing institute 
as soon as we can get a building 
large enough to handle the proj¬ 
ect. This will be even better than 
the system I’ve used in the past, 
for every student will not only 
work at every job on a magazine 
(from proofreading to collecting 
for advertising), but will be paid 
for the work. They’ll be working 
on real live publications, too, not 
just school stuff. No more of 
this Catch-22 nonsense of hav¬ 
ing to have practical experience 
before you can get a job that will 
let you get practical experience. 
Graduates will have a resume 
citing plenty of good practical 
professional experience. 

I’m hoping to start a yearly 
alumni meeting at Comdex. So, 
if you know of anyone who has 
worked for me during the last 33 



years, have them get in touch. And, with the Green Publish- 
I’m having some special coffee ing Institute opening soon, think 
mugs made with the logos of all how many we’ll be seeing next 

our magazines as souvenirs, year! The whole computer in- 

Who knows, I may spring for tee- dustry is desperately In need of 

shirts next year! There are people with publishing experi- 

lapses in my usual Yankee thrift ence. This could help enormous- 
approach to life. ly to improve the output of spec 

The dinner will be November sheets and instruction books, 
15th in Las Vegas and I want give the industry much better 

every Wayne Green alumni who advertising and catalogs, and 

can make it to be there. As far as so on. 

I know, with the exception of So, alumni, let’s get together 
two people who betrayed me, at Comdex and celebrate! Drop 

one of whom is dead and the me a note so I can give you de- 

other who has completely disap- tails. I'm looking forward to see- 
peared from the publishing and ing you again, even if you're 

computer scene, every alumni is working for (sob) Byte or Ziff- 

still a darned good friend. Davis. 


$$ HOME-BREW III $$ 

Turn your hot solder into cold cash! Once again, 73 is search¬ 
ing for the greatest home-brewer in the land. All projects have 
a chance to appear in 73, and the best of the best will be show¬ 
ered with fame and fortune. 

Top prize is $250. Second place is worth $100, and three 
runners-up will each earn $50. Of course, this is in addition to 
the payment every author receives for publishing in 73. 

Contest Rules 

1. Entries must be received by November 1,1984. 

2. To enter, write an article describing your best home-brew 
construction project and submit it to 73. If you haven’t written 
for 73 before, please send an SASE for a copy of our author’s 
guide. 

3. Here’s the catch: The total cost of your project must be $73 
or less, even if all parts were bought new. Be sure to include a 
detailed parts list with prices and sources. 

4. Our technical staff will evaluate each project on the basis 
of originality, usefulness, reproduclblity, economy of design, 
and clarity of presentation. The decision of the judges is final. 

5. All projects must be original, that Is, not previously published 
elsewhere. There is no limit to the number of projects you may 
enter. 

6 . All rights to articles purchased for publication become the 
property of 73. 

7. Mail your entries to: 

73 Magazine 
Editorial Offices 
80 Pine Street 
Peterborough NH 03458 
Attn: Home-Brew III 












THANKS, FRANK 













































































AWARDS 



Radio Station W8TO, Attn. Special-Event 
bus OH 42315. / y 

CENTER OF US POPULATION 


lion KA9IAR from De Soto MO, the center 
of US population, on. October 13,. 1984, 
from 1500Z to 2400Z 
Operation will be in the lower ends of 
the 40-, 20-, and 15-meter General bands. 



Id. QSLvia KB4EFW, Rt. 1 Box 162A, 




will operate a special-event station in 
Blythewood SC to commemorate the birth¬ 
place of J. Gordon Coogler (1865-1901). 

by literary critics as the WORST practic- 
are now known as Cooglerisms, as is any 

critical disdain. Many literary societies of 
today award the Coogler Award for the 
worst published works of the year. But 
here in Blythewood (Population 93) we're 
very proud of our native son and celebrate 
his accomplishments with a festival and 
poetry contest. 

K4MJN will operate on or around 14.290 
MHz from 1400Z to 1800Zand on or around 
21.390 MHz from 1800Z to 2200Z. Join us! 

All stations working K4MJN during this 
second annual festival will receive a hand¬ 
some certificate with a photo of The Bard 
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County Mobile (WTC-M), and V\ 
Trumbull County YL (WTC-YL) ai 
These programs are designed to pr 


ts made before Jan- 


































questions must be taken verbatim from 
the appropriate PR Bulletin in the form 
in which they have been approved by 
the Commission. Beginning January 1, 
1987, volunteer examiners may also 
design Elements 3, 4(A) and 4(B) in 
accord with the provisions of this 
paragraph. Each VEC and each 
volunteer examiner is required to hold 


the Novice Class operator license) shall 
be administered by three accredited (see 
5 97.515) volunteer examiners. An 
examiner administering telegraphy 
examination element 1(A) or written 
examination element 2 (in conjunction 
with an examination other than a 
Novice Class examination) or written 
examination element 3 must hold an 
Amateur Extra Class or Advanced Class 
radio operator license. An examiner 
administering telegraphy examination 
element 1(B) or 1(C) or written 
examination element 4(A) or 4(B) must 


Amateur Extra Class) as a suftix to tne 
present call sign (see § 97.84), and 
provided thaf the FCC has not yet acted 
upon the application for a higher class of 


significant interest in, or is an employee 
of. any company or other entity which is 
engaged in the manufacture or 
distribution of equipment used in 

transmissions, or in the preparation or 
distribution of any publication used in 

station operator licenses, is ineligible to 
be a volunteer examiner for purposes of 
administering an amateur radio operator 

does not normally communicate with 
that part of an entity engaged in the 
manufacture or distribution of such 
equipment, or in the preparation or 
distribution of any publication used in 
preparation for obtaining amateur 
operator licenses, is eligible to be a 


Unless the FCC otherwise prescribes 
an applicant already licensed in the 
Amateur Radio Service, upon 


(f) When operating under the 
temporary operating authority permitted 
by S 97.35 with privileges which exceed 
the privileges for the class of operator 
license currently held by the licensee, a 
licensee must identify in the following 

(1) On radiotelephony, by the 
transmission of the station call sign. 

new class of license for which the 
licensee has qualified (aee 5 97.35). 

(2) On radiotelegraphy, by the 

followed by the fraction bar DN, 
followed by the identifier code for the 
new class of license for which the 


§97.509 Conflicts of intoraat 

An organization engaged in the 

equipment used in connection with 
amateur radio transmissions, or in the 
preparation or distribution of any 

obtaining amateur radio station operator 
licenses may be a VEC only upon a 
persuasive showing to the Commission 
that preventative measures have been 
taken to preclude any possible conflict 


§97.514 Agreement roqulrsd. 

No organization may serve as a VEC 
until that organization has entered into a 
written agreement with the Federal 
Communications Commission to do so. 
The VEC must abide by the terms of the 
agreement. 

12. Section 97.517 is revised to read: 



MOVING? 

Let us know 8 weeks in advance so that you won't 
miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 

Subscription Department 
/Amateur Radio's P.O. Box 931 

# ® Technical Journal Farmingdale NY 11737 


o label handy, prim OLD address 


_ State_ Zip_ 
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Robert Swirsky AF2M 
PO Box 122 
Cedarhurst NY 11516 


takes too much time or effort. I am going 
to get around this problem by conducting 
a poll. While John Edwards' “FUN!" poll 


THE DR. DIGITAL POLL 



tors, it was not specific enough for my 
needs. So grab a pencil and answer the 
following questions. 
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1) abcdef ghi j 

2) a b c d e f g h i j 

4)abcdef gh 







c) AMTOR 

d) CITOR 

6) How much have you spent on computer 
equipment? 

a) Under $500 

b) $500 to $1499 

c) $1500 to $2999 

d) $3000 to $5000 

e) Over $5000 

gramming is done in assembly language? 

b) Under 33% 

c) Between 33% and 66% 

d) Over 66% 



{ a)Yes 9 
b) No 


12) To 


a) Computers 

13) Do you belong to a computer club? 
a) Yes 

a) Yes 

b) No 




19) If you had to choose only one hobby, 
which would you pick? 


b) Computers 

20) Are you planning on purchasing more 
computer equipment in the near future? 



21) What is your age? 


b) 16-21 



CAN'T HAVE AN OUTSIDE ANTENNA? 

The DX HIDDEN ASSET® Loop Antenna Installs 
Out of Sight, In Limited Space! 

Available as a pre-cut, ready-to-assemble DXHA kit with plans, or plans 
only. Only a screwdriver required to install a kit in attic, closet or even base¬ 
ment. A cubical space 1/8 wave length on a side will hold it. Requires neither 
ground connection nor radials. Provides a range at least equal to a dipole- 
local or DX—and has large capture area. 

The DXHA can be vertically polarized omnidirectional, or horizontally 
polarized, bidirectional and steerable. Other features:...low SWR at 
resonance...band width at 15:1 typically 3-5% of resonant frequen¬ 
cy... couples direct to 50-ohm coax... no balun or matcher...low-noise recep¬ 
tion... tunable... handles up to 1 KW. 

Plans & kits: 2-meter, rod & tubing at $39.95; others wood & wire with 
6-meter at $47.95; 10-meter at $54.95 & 15-meter at $67.95. Others on special 
order, prices on request. Plans only $1250. Send check or M.O. to 
H. STEWART DESIGNS 

_P.O. Box 643 - Oregon City, OR 97045 -167_ 


4S0TR0N ANTENNAS 

BIG ON PERFORMANCE 
SMALL ON SPACE 

MODELS FROM 160-10 METERS 

NO TUNERS! NO RADIALS! 

PERFECT FOR LIMITED SPACE 
APPLICATIONS: BOATS, APARTMENTS, 
VACATION HOMES AND MORE. 


80-METER.$63* plus $4* Shipping 

40-METER.$52* plus $3" Shipping 


ASK FOR PRICES ON OTHER MODELS 

BILAL COMPANY 

S.R.2, BOX 62, DEPT. 73 
EUCHA, OK 74342 (918) 253-4094 
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WORKED ALL Y2 CONTEST FREQUENCIES: 
Starts: 1500; GMT October 20 use an amateur 
Ends: 1500 GMT October 21 wl,h lhe ' lrs * 10 an 
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BAKER’S DOZEN SPECIAL! 
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EVERYTHING FOR THE LISTENER I 


* Shortwave Receivers 

* Scanners 

* Filters 
k Tuners 

* Converters . 
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Antennas 

Coax 

Publications 
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i Station located at Matura, in c 
astern part of the island. z 
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DIRECTORY 



Jim Gray W1XU 
73 Staff 



DEALERS 

Your company name and message 

little as $150 yearly (prepaid), or 
$15 per month (prepaid quarterly). 
No mention of mail-order business 
or area code permitted. Directory text 
and payment must reach us 60 days in 
advance of publication. For example, 
advertising for the December '84 issue 
must be in our hands by October 1st. 
Mail to 73 Magazine, Peterborough 
NH 03458. ATTN: Nancy Ciampa. 


EASTERN UNITED STATES TO: 



A = Next higher frequency band may also be useful. 

B = Difficult circuit this period. 

G = Good, F = Fair, P = Poor. * = Chance of solar flares. 
# = Chance of aurora. 
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NEVER SAY DIE 

editorial by Wayne Green 



OUR WORST ENEMY 
It was back around 1976. 
shortly after the Carter revamp¬ 
ing of the Commissioners, when 
we hams had our first serious 
problem with the FCC. In case 
you are new to amateur radio or 
are short of memory, here's what 
happened. 

The first problem facing the 
new Commission had to do with 
a proposal to eliminate ten-me¬ 
ter linears. This was in response 
to enormous interference prob¬ 


lems from cheap and dirty lin¬ 
ears made for CB use on 11 me¬ 
ters. which were proliferating. 
CB was in its heyday and televi¬ 
sion sets everywhere were driv¬ 
ing their owners crazy as CBers 
drove by or worked DX from their 
home locations with their kilo- 


The FCC had no way of know¬ 
ing that in a few months their ac¬ 
tions would solve the problems 
in an unexpected way when they 


nets, almost killing CB entirely. 

The situation was severely ag¬ 
gravated when the previous 
Commission outlawed 11-meter 
linear amplifiers. This forced the 
legitimate manufacturers out of 
business and left it open to 
underground manufacturers. 
Clean-emission standards were 
henceforth ignored and "ham IO¬ 
meter" amplifiers flooded in 
from truckstops and from under 
CB-dealers' shelves. 

The new Carter FCC held a 
hearing on whether to outlaw 
10-meter linears entirely. The 
main speaker was the ARRL le¬ 
gal counsel, who proceeded to 
lecture them like school kids. I 
watched in mounting horror as 
Booth went on endlessly while 
the Commissioners fumed and 
then walked out on him. That 
day we lost not only that rule¬ 
making, but all sympathy from 
the FCC for four years. We were 
fortunate that they did not fol¬ 
low up on their plan to make a 
new personal-radio service with 
CB and ham radio combined. 

A Fresh Start 

The Reagan FCC gave us a 
new change in 1981.1 went down 
to Washington and talked with 
each of the Commissioners per¬ 
sonally, giving them some back¬ 
ground on the past, present, and 
potential future of amateur radio. 
They were eager to help our ser¬ 
vice get back into a strong 
growth mode so it could again 
attract teenagers and thus bring 
the country desperately needed 
engineers and technicians—as 
it had done so well before the 
ARRL's incentive-licensing di¬ 
saster of 1963. 

Since no-code had been the 
breakthrough for growth in Ja¬ 
pan, they were eager to try it out 

Continued on page 82 


expanded the service to 40 chan- 
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PUBLISHED REPORTS that 73 had been put 
up for sale by its parent company, CW Com¬ 
munications, Inc., were absolutely true. 
CWCI felt that 73, as an amateur-radio mag¬ 
azine, did not fit in with its 50 or so other 
computer publications, Pro-73 forces, how¬ 
ever, suggested that modern ham tech¬ 
niques, such as packet radio, are indeed 
high tech and also that selling a successful 
property might not be a sound idea. CWCI 
subsequently withdrew its offer to sell and 
committed its full backing and support to 
73. As a result, we believe our readers and 
advertisers will be seeing some exciting im¬ 
provements in 73 as we enter our 25th-anni- 
versary year! 

SOFTWARE PIRATES are looking over their 
shoulders after Kantronics successfully 
prosecuted Cindy Gladwell of Cindy’s Com¬ 
puter Software. Cindy sold a pirated copy of 
Kantronics' Hamtext computer program, 
along with a full set of documentation, to 
Mike Forsyth at the Michigan State ARRL 
Convention in Detroit. Mike happens to be 
Marketing Director of Kantronics. Ms. Glad- 
well was served an injunction to halt all 
software-reproduction activities and di¬ 
rected to forfeit $2000 in damages to Kan¬ 
tronics. 

THE BID FOR 220 MHZ by several commer¬ 
cial interests has been stalled at press time. 
The petition by Sideband Technology, Inc., 
RM-4831, has been put on hold while the 
FCC investigates charges of conflict-of-in¬ 
terest filed by the Inland Waterway Commu¬ 
nications System. Art Reis K9XI, editor of 
220 Notes, has asked for a congressional 
investigation into the activities of the FCC 
Office of Science and Technology, which 
seems to be behind the bid for 220. 

THE MOUNT GREYLOCK REPEATER was 

saved from an untimely demise recently 


when Governor Dukakis of Massachusetts 
signed into law a bill giving the Northern 
Berkshire Amateur Radio Club a twenty- 
year lease on the repeater site. Overwhelm¬ 
ing support from amateurs across the coun¬ 
try in the form of cards and letters was 
Instrumental In preserving this heavily- 
used machine. 

A SPREAD-SPECTRUM BEACON is now on 
the air near Falls Church VA. According to 
Chuck Phillips N4EZV, the system operates 
from 144.5 to 147.7 MHz, with a hop rate of 
10 per second. Output power is 25 Watts, 
and the beacon transmits a series of Vs 
after an identification that is simulcast on 
the AM RAD repeater, 147.21 /.81. After nor¬ 
mal business hours, the beacon may be 
turned on by sending the touchtone™ dig¬ 
its 4-3-2-1 on 144.5 MHz. Chuck has plans 
for HF spread-spectrum beacons on the 10- 
and 15-meter bands. If you are interested in 
the application of this fascinating tech¬ 
nique to amateur radio, contact Chuck Phil¬ 
lips at Tactical Communications, Inc., 5711 
B Center Lane, Falls Church VA 22041. 

PACKET RADIO will be the subject of the 
next North American Teleconference Radio 
Net (TRN), heard through over 150 gateway 
stations across the United States. Two of 
packet radio’s pioneers, Lyle Johnson 
WA7GXD and Harold Price NK6K, will be 
the featured speakers. Lyle is president of 
the Tucson Amateur Packet Radio Society 
(TAPR) and was the primary influence be¬ 
hind the development of the TAPR terminal- 
node-controller (TNC) hardware. Harold is a 
director of TAPR and worked on the soft¬ 
ware end of the TAPR TNC. For a complete 
list of TRN gateway stations, send an SASE 
to TRN Manager, c/o Midway Amateur Ra¬ 
dio Club, PO Box 1231, Kearney NE 68847- 
1231, or check CompuServe's Hamnet XA4 
database. 


SEVERAL ARRL QSL BUREAUS have new 
addresses. 

Third call area: CCARS, PO Box 448, New 
Kingston PA 17072-0448. 

Fourth call area, two-letter prefixes (AA4, 
KB4, etc.): Sterling Park ARC, Call Box 599, 
Sterling Park VA 22170. 

Fifth call area: ARRL W5 QSL Bureau, PO 
Box 44246, Oklahoma City OK 73144. 

US Virgin Islands: Virgin Islands ARC, GPO 
Box 11360, Charlotte Amalie, St. Thomas, 
Virgin Islands 00801. 

V£5: VE5 QSL Bureau, B. J. Madsen 
VE5ADA, 739 Washington Drive, Weyburn, 
Saskatchewan, Canada S4H 2S4. 

VE6: CRRL Incoming Bureau, N. F. Waltho 
VE6VW, General Delivery, 9714 94th Street, 
Morinville, Alberta, Canada TOG 1P0. 

SWL: Mike Witkoski, 4206 Nebel Street, 
Stevens Point Wl 54481. 

THE FAILURE RATE of the new volunteer- 
given amateur exams is exceptionally high. 
Most groups report that only 25% of their 
applicants are upgrading. There’s a good 
deal of confusion regarding who is actually 
running things—although the W5YI Report 
and the ARRL are both Volunteer-Examiner 
Coordinators (VECs) for all 13 districts, 
many districts have up to seven separate 
groups acting as VECs. In some areas, the 
district VECs are bowing out in favor of the 
League, which is still trying to bully its way 
into control of the program. In any case, the 
FCC will be out of the testing business at 
the end of the year. For a complete list of 
VECs, send an SASE to 73, Pine Street, Pe¬ 
terborough NH 03458, Attn: VEC LIST. 

FCC HAS NAILED another jammer. Dave 
Meehan W7IVK has had his Advanced-class 
amateur license suspended for one year for 
willfully interfering with communications 
on the 40-meter band. After the year is up, 
Meehan will be permanently barred from 
operating in the 7235-to-7280-kHz segment 
of the band. 

$140,000 WORTH OF ILLEGAL CB GEAR 

was seized by US Marshals recently in one 
of the nation's largest radio-related raids. 
Most of the equipment consisted of linear 
amplifiers and subassemblies destined for 
use in the CB service. The distributor, D&D, 
Inc., of Shelby NC, faces fines of up to 
$10,000 and prison sentences for its viola¬ 
tion of the Communications Act of 1934. 

CONGRATULATIONS TO ROY NEAL 
K6DUE on his new duties as Deputy Bureau 
Chief for News Operations for NBC. Roy 
had previously served as the science cor¬ 
respondent for the network, giving live on- 
the-air commentary during most of NASA’s 
space shots. Good luck, Roy! 

THIS MONTH’S NEWS was courtesy of the 
W5YI Report, Westiink, and WA1HXQ. 



Massachusetts Governor Michael Dukakis chatted with nearly 125 hams after signing leg¬ 
islation saving the Mt. Greylock repeater. That’s Warner WlYBTon the right. 
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Color Computer SSTV: Part I 

Turn your CoCo into a complete SSTV terminal! 

How ? First , build this high-resolution display system. 



Clayton W Abrams K6AEP Dr Ralph A Taggart WBBDQT 

1758 Comstock Lane 602 lefterson Street 

San lose CA 95124 Mason Ml 48854 


T his two-part article de¬ 
scribes a high-resolu¬ 
tion display system for the 
Radio Shack Color Com¬ 
puter® (CoCo). This system 
provides the CoCo computer 
with more display capability 
than any low-cost computer. 
You might ask why you 


should use your CoCo to 
display and generate televi¬ 
sion images. One answer is, 
for communications. 

Imagine taking your CoCo 
with a hardware-software in¬ 
terface and connecting it to 
amateur-radio equipment 
and transferring a picture to 



Photo A Multimode display board, showing the physical 
si/e of a production display interface. The board has 76 K of 

display memory 


Photo B. Multimode CoCo interface board, which plugs into 
the expansion interface of the CoCo. A 26-pin flat cable inter¬ 
connects the interface board and the display board. 
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Fig. 1. System block diagram, showing the interconnection of 
the computer and all the interfaces. 


someone miles away, or re¬ 
ceiving weather-satellite 
pictures. The digital-tele- 
vision-display field is one 
which has not been explored 
by the amateur-computing 
community, and only a 
small amount of commer¬ 
cial equipment exists for 
such applications. In this ar¬ 
ticle, instructions will be 
provided to construct a card 
to display high-resolution 
images and provide inter¬ 
faces to receive weather- 
satellite pictures or ama¬ 
teur-radio SSTV. 

Before plowing ahead with 
a lot of technical jargon and 
confusing terms, some defi¬ 
nitions are in order. 

Background 

In display terminology 
two terms are particularly 
important. These terms are 
used also in television. The 
first is pixel, and it relates to 
the smallest element of a 
picture which can be seen 
on the TV screen. In normal 
TV, the pixels are so small 
that they tend to blend to¬ 
gether to form a contiguous 
image. In digital TV, a pixel 
is a unit in the picture which 
can be seen by the unaided 
eye. Each pixel in digital TV 
has an intensity or discrete 
color. The main goal in dig¬ 
ital TV is to place the most 
pixels on a line to form the 
smoothest image. To do this 
as well as standard TV does 
takes a lot of complex and 
costly circuitry. 

The second term is num¬ 
ber of lines per picture. In 
the USA, standard TV has 
262 lines per frame or 525 
lines per interlaced picture. 
In digital TV, the number of 
lines is often reduced from 
normal TV for cost and sim¬ 
plicity reasons. 

If a digital-display system 
could be developed around 
a standard microprocessor 
system, the system would be 
very versatile. The few com¬ 
mercial display systems 
which have been developed 
to date have some disadvan¬ 
tages. 

Expandability. Micropro¬ 


cessors have been installed 
in some of the new display- 
system designs. All of these 
units are not user-program¬ 
mable. Most vendors would 
rather provide users with 
new units when their func¬ 
tion is to be expanded. If a 
system were to be based on 
a commercial microproces¬ 
sor with a good software 
base, the system could be 
expanded as technology 
progresses. 

Fixed Architecture. Most 
commercial systems are built 
around a large planar board 
with lots of ICs and discrete 
components. These units are 
designed for a specific appli¬ 
cation and a limited life 
span. Adding interfaces like 
FAX and other applications 
is difficult. For this reason, 
the modular approach of 
functional units connected 
to a microprocessor makes 
good sense. 

Up to a few years ago, 
digital TV was not possible. 
With the explosion of the 
semiconductor industry, the 
price of ICs has fallen to a 
level which makes this eco¬ 
nomically possible. Most of 
the early digital TV scan 
converters used were hard¬ 
ware-only devices. These 
units were very dumb and 


could only generate and dis¬ 
play images. The explosion 
of digital computers and the 
incorporation of digital 
displays in computers 
makes the whole concept 
very exciting. Once an im¬ 
age is placed in the com¬ 
puter, almost anything is 
possible: communications, 
image analysis by computer 
for manufacturing inspec¬ 


tion, medical applications, 
or art forms for their own 
sake. 

Two applications will be 
described in this article. The 
first application is amateur- 
radio slow-scan television; 
the second is weather-satel¬ 
lite reception. While the ap¬ 
plications are similar in that 
they require some means of 
picture displaying and a 



Fig. 2. Display block diagram, showing how the display interface functions. Only the impor¬ 
tant ICs are shown. 
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Fig. 3. Display board schematic. 


hardware interface to prop- adequate results, we will SSTV 
erly condition the signal, treat them separately in Since all interfaces use 
and each requires trade-offs order to do an adequate job simple hardware, the heart 
and compromises to achieve on each. of the system is software. It 
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would be impossible to pub¬ 
lish an entire software pack¬ 
age in an article of this type. 
To date, thousands of lines 

















Photo C. The prototype board by K6AEP was one of the first 
display boards constructed. The board is plugged into a 
CoCo. The board was point-to-point wired and is exactly like 
the schematic in Fig. 3. All of these photos in part I of this arti¬ 
cle were generated by this board. The same results can be 
achieved by the commercial display boards. 


of code have been devel¬ 
oped What will be provided 
here is a technical descrip¬ 
tion of how the software and 
hardware interfaces func¬ 
tion and the steps necessary 
to develop code You will 
find it possible to modify the 
concepts we present for in¬ 
terfacing with any micropro¬ 
cessor system. 

The Display Criteria 

Since the main goal of the 
display card is to produce 
quality images, it is impor¬ 
tant to make the picture 
density as high as possible. 
This requires the addition of 
RAM memory in which the 
image will be saved and dis¬ 
played Experimentation 
by many people over a peri¬ 
od of years has determined 
that a minimum of 128 pixels 
per line is required for low- 
resolution images, with at 
least 16 gray levels. Some 
experimentation which I 
conducted in mid-1982 indi¬ 
cated that a minimum of 
256 colors per pixel is re¬ 
quired to display low-resolu¬ 
tion color-TV images. 

Armed with this informa¬ 
tion, a design criteria of 256 
pixels per line, 16 gray 
levels, on 128 lines was 
defined for black and white 
displays. This equates to a 
display size of 16K of dis¬ 


play RAM. With a little 
clever programming and 
slight reconfiguration of 
data bits, a total of 256 col¬ 
ors can be displayed for 
each pixel with 128 pixels 
per line on 128 lines. 

Obviously, a system can 
be constructed with higher 
resolution, but as the digital- 
display density increases so 
do the cost and complexity. 
Since this project was cre¬ 
ated for the average hobby¬ 
ist with a limited budget, the 
above criteria seem adequate 
for today's technolgy. 

Hardware Design 

It is unfortunate that no 
off-the-shelf module or de¬ 
sign provides the necessary 
ingredient to display TV- 
type images Many manu¬ 
facturers have developed 
display-controller ICs for 
computer terminals, but in 
most cases they are unus¬ 
able in TV applications. One 
of the few ICs which make 
the job easier is the Motoro¬ 
la 6845. This 1C is the heart 
of the display board and 
causes the image to be dis¬ 
played. 

The card is designed to at¬ 
tach to the Radio Shack 
TRS-80C Color Computer, 
but the design concept is so 
basic that it can be altered 
to attach to any microcom¬ 



Photo D. A multimode SS7V receive interface. This board is a 
commercial version of the SSTVreceive interface. The phys¬ 
ical size is the same as the display board. 


puter. The card functions by 
first generating or placing an 
image in the main memory 
of the computer. The TV im¬ 
age can be received through 
a slow-scan demodulator at¬ 
tached to the receiving 
equipment then connected 
to the joystick input of the 
computer. 

Another method of image 
generation is to attach a spe¬ 
cial hardware interface to 
the display card and frame- 
grab the image into the 
display card from a TV cam¬ 
era. At this time the TV-cam- 
era interface has not been 
developed. When using the 
TV camera, the image will 
be loaded into the video 
card first and then trans¬ 
ferred by computer soft¬ 
ware to main memory 

System Description 

Fig. 1 provides a block 
diagram of the entire system 
The TRS-80C in this applica¬ 
tion acts as an intelligent 
controller. All interfaces are 
very primitive and cannot 
function without intensive 
control from the computer 
When an image is to be dis¬ 
played from the receiver, 
the audio tones are first 
detected by the display de¬ 
modulator and converted to 
two types of signals: sync 
pulses and a dc voltage 
which changes as a function 
of the input audio fre¬ 
quency. These signals are 
73 


connected to the CoCo's 
RS-232 input and the joy¬ 
stick input. 

The joystick input is ac¬ 
tually an analog-todigital 
converter which can be used 
to digitize slow-scan TV 
video into picture informa¬ 
tion. All of the operation is 
controlled by software in 
the CoCo. When digitized, 
the pixels are transferred to 
the display card and imme¬ 
diately displayed. For 
transmission, the image is 
first created by software and 
placed in the CoCo's mem¬ 
ory. To transfer the image to 
a transmitter, the sync 
pulses are controlled by the 
RS-232 output line and the 
video is controlled by the 
computer's cassette output, 
which is a digital-to-analog 
converter. 

The above process is true 
only for black and white 
television. Color digital TV is 
more complex. Color TV is 
developed or transferred 
from three image planes. 
Each plane consists of the 
three prime colors (red, 
green, and blue). When the 
three frames are mixed to¬ 
gether, a color image is 
formed. The image can then 
be transferred to the display 
card. The transmission 
method of colored televi¬ 
sion is either by frame- 
sequential or by a colored 
line-sequential multiplexed 
method. 
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Fig. 4. SSTV/FAX receive demodulator schematic showing a front end which can be used with 
the computer to display both SSTV and FAX images. The FAX application can be used only on 
the HF bands. 


The block diagram of the 
display card is shown in Fig. 
2 and the schematic is 
shown in Fig. 3. The follow¬ 
ing sections describe the 
major functional parts of 
the display board. 

Display Board 
The display board is at¬ 
tached to the expansion port 
on the side of the CoCo. This 
port provides connection to 
the address, data, and con¬ 
trol signals of the 6809E 


MPU. Wiring to the CoCo 
must be as short as possible; 
less than one-half-inch leads 
are a must. The data lines 
are connected to both the 
eight RAM ICs and the VDG 
U18 (6845) display-controller 
1C through a data bus trans¬ 
ceiver (U20). The R-W line 
determines if the CPU is 
reading or writing to the 
board. 

In order for the display- 
controller 1C to function, 
you must first write data to 


its 18 internal registers. Only 
three address bits of the 
6809 CPU 1C are connected 
to the card. These low-order 
address bits select the mode 
which you are performing. 
The SCS line on the TRS-80C 
connector is used to select 
address FF40. The interface 
E line is the enable signal 
from the 6809 CPU. This line 
is used to synchronize the 
6845 to the CPU 1C for 
writing to its internal regis¬ 
ters. 

1 . Functional Selection. 
All internal functions of the 
card are software-selected 
by a U14 (74LS138). The 
functions are shown in 

ADDRESS SIGNAL 
FF40 
FF41 
FF42 
FF43 
FF44 
FF45 
FF46 
FF47 


Table 1 and are described in 
more detail in the program¬ 
ming section of this article. 

2. Random Access Mem¬ 
ory. This card contains 16K 
of display RAM (U1 to U8) in 
eight 2K-by-8-bit ICs. Static 
RAM was used so as to 
make the design as simple 
as possible. Dynamic RAM 
has the advantage of lower 
cost but requires extra cir¬ 
cuitry to develop RAS and 
CAS signals, and it is dif¬ 
ficult to correct and diag¬ 
nose problems when they 
occur. Simple changes can 
be made to the circuit to 
add more display memory. 
Modifications have been 
made to add 32K RAM. The 
board can then display 256 
pixels on 256 lines, black 
and white. Television pic¬ 
tures in this mode are start¬ 
ing to approach standard US 
TV quality pictures. 

Control of read or write to 
the RAM is determined by 
U25 and U26. During most 
of the time, RAM is in the 
read mode. This causes the 
video data to be valid on the 
internal data bus. When data 
is written, it is transferred to 
and from the CoCo through 
bus transceiver U20 to the 
RAM ICs. 

3. Video Display Gener¬ 
ator. The VDG U18 is the 
heart of the display board. 
This integrated circuit has 
18 registers. In order to 
make the board operational, 
the registers must be pre- 
loaded before a picture can 
be displayed on the card. 
This 1C is used to develop 
the video refresh timings of 
the RAM. By simply chang¬ 
ing the initialization values, 
either 50-Hz or 60-Hz video 
can be displayed. 

An example of CRT initial- 



Fig. 5. SSTV modulator, used to transmit SSTV pictures on the 
FIF amateur bands. 
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VGO VDG controller address register 
VG1 VDG controller data register 
Spare 
Spare 

Reset—reset RAM address counter 
Select—send picture data to card 
Frame Grab—TV camera—reserved 
Color—TV camera—reserved 


Table 7. 



Fig 7. Program example for SSTV transmission. 


Fig 6. Program example for SSTV/FAX receive, written in 6809 
assembler language, to demonstrate how easily a receive rou¬ 
tine can be written. The routine cannot be executed without 
software additions. 


ization is contained in the 
programming section. The ini¬ 
tialization constants were 
chosen to display an image 
with the minimum amount 
of tearing and proper cen¬ 
tering on a 9-inch RCA Color 
Trak TV set The TV set was 
interfaced to the video card 
by a Radio Shack rf modu¬ 
lator. 

4, The Master Clock. The 
master clock is a crystal 
oscillator operating at 6.144 
MHz and is generated by a 
74LS00 U21 1C. This crystal 
frequency was chosen to 
display an active picture 
time of 42 microseconds. 


The initialization software 
of the 6845 is used to fine- 
tune this display time. A 
counter is used to divide the 
clock frequency by 2 and 4. 

5. The Internal Data and 
Address Bus. The entire card 
is designed to display an 
SSTV picture continuously. 
Since the card must be 
powered by an external 
source different from the 
computer, power can be 
dropped on the computer 
and the display will still be 
active. 

When a picture is to be 
displayed on the card, the 
refresh process is inter¬ 


rupted for a few microsec¬ 
onds. This causes a small 
white line to appear on the 
display. The direct memory 
access (DMA) scheme used 
on the card is very simple in 
principle. Normally the ad¬ 
dressing of RAM is from the 
VDG through two tri-state 
buffers, U16 and U17. When 
the CPU writes to RAM, not- 
RAM select is brought low 
and the RAM address is gen¬ 
erated by two counters, U10 
and U11. At this time, VDC 
buffers U12 and U13 are 
floated on the address bus 
and the counter buffers 
drive the bus. After the RAM 
has been written, the 
counter advances to the 
next address. 

6. Display Data. The dig¬ 
ital display data is latched 
from the data bus at the cor¬ 
rect time by the 74LS374 


U24; the black and white is 
twice the rate of the color. 
The 74LS374 U39 is latched 
from the data bus every 650 
nanoseconds. This data is 
fed to both the black and 
white and color modulators. 
A multiplexer is used to feed 
the black and white mod¬ 
ulator. The multiplexer 
74LS157 U30 is clocked at a 
rate of 325 nanoseconds, 
which is 256 pixels per line 
of SSTV. 

7. Black and White Mod¬ 
ulator. The black and white 
modulator is fed from the 
multiplexer, U30, which 
feeds first the 4 low-order 
bits (nibbles) then the high- 
order nibble. The output of 
the multiplexer is connected 
to a simple digital-to-analog 
converter (D/A) which con¬ 
sists of a transistor and 10 re¬ 
sistors. 
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Sync pulses are generated 
by the VDG U13, are ORed 
together by U27, then mixed 
with video data in the single¬ 
transistor D/A converter. 
Since 4 bits are used, the 
modulator is restricted to 16 
possible gray levels per 
pixel. 

A picture-smoothing ca¬ 
pacitor (1000 pF) was placed 
across the 510-Ohm resistor 
to ground at the D/A sum¬ 
ming point. The value of this 
capacitor can be optimized 
to produce the picture most 
desirable. The absence of 
the capacitor produces a 
more digitized picture. 

8. Color-SSTV Modulator. 


The color-SSTV modulator 
consists of three ICs, 
LM1889 U32, LM1886 U31, 
and a 9602 U33. The SSTV 
modulator functions by 
clocking the picture data on 
the latch. The data is next 
transferred to the LM1886 
which converts the digital 
pixels to difference and 
luminance signals. These 
signals are internally con¬ 
nected to the color modu¬ 
lator which provides com¬ 
posite color video. 

Three additional signals 
are provided to the LM1886, 
blanking, sync pulse, and a 
burst gate. The burst gate is 
developed from a 9602 





Fig. 8. Initialization of the display board; this is an example of 
how the display board 6 845 can be initialized. 
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which is a dual single shot. 
The burst gate serves as a 
reference signal. The loca¬ 
tion of the burst gate must 
be adjusted to the correct 
position on the horizontal¬ 
blanking back porch. This is 
the only adjustment on the 
board. 

The digital data to the 
LM1886 (U32) is in the for¬ 
mat of 3-by-3-by-2 bits of 
red-, green-, blue-frame in¬ 
formation. For example, the 
lower three bits of the byte 
are the red-frame informa¬ 
tion. the next three bits are 
for the green frame, and the 
most significant bits are for 
the blue frame. 

This configuration allows 
for a possible 256 combina¬ 
tions which are unique col¬ 
ors. Since the LM1886 
allows for nine bits of digital 
data to be inputted, the LSB 
is tied to the MSB of the 
blue-frame input of the 1C to 
make the bit pattern com¬ 
patible with the eight-bit 
display-data bus. This trick 
allows for black and white 
images to be displayed. 
Without this modification, 
the black and white images 
would have a blue hue. 

9. TV-Camera Interface. A 
number of points are identi¬ 
fied in the logic of the dis¬ 
play-board interface for the 
inclusion of a TV camera at 
a later date. The camera in¬ 
terface will function as fol¬ 
lows: When the 74LS00 U9-5 
is brought low, the counter 
will drive the address bus. 
The TV-camera pixel counter 
will be incremented by the 
input U9-9. The RAM read/ 
write is controlled by U26, 
and the TV-camera input at 
U25-12/13 will cause the 
RAM to switch to the write 
mode. Pixels can next be 
written to the RAM from the 
data bus. 

Receive Demodulator 

The receive demodulator 
is a device which decodes 
the SSTV tones into a dc 
voltage proportional to in¬ 
put frequency and digital 
sync pulses. This circuit con¬ 
verts video tones of 1500 Hz 
and 2300 Hz to 0 volts and 5 


volts, respectively. A fre¬ 
quency of 1200 Hz converts 
to a positive digital pulse. 

The circuit consists of 
four stages of filtering and 
one stage of pulse shaping. 
Its schematic is shown in 
Fig. 4. 

The decode by this circuit 
is not only compatible with 
SSTV but can also be used 
to decode FAX pictures 
transmitted commercially 
on the HF frequencies. 

The SSTV video enters the 
demodulator through the 
limiter circuit, U1. The 
limiter is connected to two 
bandpass filters, U1 and U2, 
which have bandpasses of 
approximately 1100 to 2400 
Hz. These filters are con¬ 
nected to two diode-dis¬ 
criminator circuits which 
are combined into a differ¬ 
ential amplifier. The signal 
at TP2 is the carrier frequen¬ 
cy of the audio signal with 
amplitude modulation. The 
signal in this path with TP3 
(U3 and U4) is a series of 
bandpass amplifiers which 
allow only the video com¬ 
ponents of 1500 and 2300 
Hz to be passed. 

The path of TP4 and U4 is 
used for the detection and 
waveshaping of the sync sig¬ 
nals. The Schmitt trigger, 
7414, is used to develop fast 
rise times of the sync signals 
and to produce TTL-level 
voltages. The sync output 
from the circuit contains 
both horizontal and vertical 
sync pulses. 

Modulator Circuit 

The modulator interfaces 
to the CoCo and is the cir¬ 
cuit which produces the 
SSTV audio tones for the 
transfer of video informa¬ 
tion in computer memory. 
The interface, shown in Fig. 
5, connects to the CoCo 
through the RS-232 and cas¬ 
sette-output ports. The cas¬ 
sette-output port is a 6-bit 
digital-to-analog converter. 

The circuit functions as 
follows. When the RS-232 
output is raised, the modu¬ 
lator outputs a sync fre¬ 
quency of 1200 Hz. To gen¬ 
erate video tones, a ground 










Photo F. A color-SSTV picture displayed on a Tl color 
monitor attached to the K6AEP prototype display board. The 
picture was received over amateur radio on 28.680 MHz by 
the TRS-80C and saved on tape. The picture was generated by 
WBOUNB in St. Louis, Missouri. 



Photo C. A color-SSTV picture generated by WOLMD and 
placed on audio cassette tape and loaded into the TRS-80C. 
This picture shows the effect of color contouring. Since the 
display has only 25 6 possible colors, the shading in the flesh- 
tone regions are noticeable. 


potential is applied to both 
the RS-232 output and the 
video input This causes a 
video frequency of black 
1500 Hz to be outputted 
When the video level is in¬ 
creased to approximately 
1.1 volts by outputting a dig¬ 
ital F to the cassette-output 
port, a frequency of 2300 Hz 
is generated. By the use of 
software, an SSTV picture 
can be generated by soft¬ 
ware and transmitted 

The Software 

The preceding section 
provides you with a com¬ 
plete description of the 
hardware requirements for 
SSTV applications. Obvious¬ 
ly, the hardware performs 
few useful functions with¬ 
out the software. The intent 
of the hardware design is to 
place the burden of all tim¬ 
ings and control on the soft¬ 
ware. This allows for the 
maximum utilization of all 
hardware interfaces. There 
are the following limiting 
factors. 

Microprocessor Speed. 
The reception or transmis¬ 
sion of images is limited by 
the rate at which the instruc¬ 
tions can be executed by the 
CPU Fortunately, the 6809 


microprocessor is very fast 
due to its rich instruction set 
and its ability to process 
16-bit data even though the 
processor is on an 8-bit data 
bus. 

Internal Analog-to-Digital 
Converter. All of the pre¬ 
ceding interfaces are based 
upon the use of the internal 
analog-to-digital converter 
in the TRS-80C. This feature 
is used to process joystick 
inputs when playing games 
The A/D converter uses a 
simple successive-approxi¬ 
mation technique and is 
driven by the microproces¬ 
sor When this technique is 
used, the conversion rate is 
quite slow The tightest loop 
which can be written to uti¬ 
lize this feature allows for 
the conversion of 4 bits of 
data in approximately 75 mi¬ 
croseconds. Even though 
this is slow, the rate is suffi¬ 
cient to allow for SSTV and 
FAX reception. 

Software Functions 

In this section, the soft¬ 
ware and hardware will be 
described in a simple, broad, 
overview approach The 
principles described can ap¬ 
ply to SSTV, FAX. or any 
other communications mode 


which uses a slow rate of 
transmission or reception 
Normally this type of soft¬ 
ware is called firmware or 
microcode. Since the soft¬ 
ware is extremely time-de- 
pendent, care must be taken 
with each instruction writ¬ 
ten to make the time as 
short as possible. The de¬ 
scription of the software 
routines will be general 
enough so that they can be 
recoded for any general-pur¬ 
pose microprocessor. One 
important point is that all 
software must be written in 
the microprocessor's native 
assembler language. High- 
level languages are too 
slow. Even the most effi¬ 
cient compilers are too slow 
for SSTV applications 
Receive Software. In Fig. 6 
is a simple routine which will 
receive a picture through an 
interface attached to the 
CoCo joystick and RS-232 in¬ 
put ports. The interface can 
be either the SSTV receiver 
(Fig. 5) or the FAX receiver 
(Part II of this article). In 
both cases the software is 
identical. The only change 
in both modes is the delay 
between pixel reception. 
The software routines pro¬ 
vided are not complete but 


they do provide an example 
to readers ambitious enough 
to learn assembler-language 
programming The program 
functions as follows. 

The first six lines of code 
initialize program constants 
for the correct number of 
lines and place the CoCo 
multiplexer to the correct 
joystick-input-connector 
pin. The hardware counter 
PORT3 is reset to the upper 
left-hand corner of the pic¬ 
ture area. As soon as a ver¬ 
tical sync signal is received 
on the interface, the pro¬ 
gram starts to digitize the 
picture. 

The A/D routine converts 
the analog input voltage to 
four digital bits and places 
this information into the 
lower nibble of a byte. The 
byte is next placed on the 
stack, and a software delay 
is executed. Upon comple¬ 
tion of this delay, the next 
A/D reading is converted. 
These two values are next 
added together on the stack, 
then placed into RAM, and 
simultaneously displayed 
on the video card 

The byte in RAM is the 
same format as the byte on 
the video card. In the black 
and white format, the byte 
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contains two pixels of 4 bits 
each. In the color format, 
each byte of the displayed 
picture has three bits for 
each color plane except for 
the blue color. Each time a 
byte is loaded into the video 
port, the hardware counter 
is incremented by one value. 
This places the DMA ad¬ 
dress counter to the next 
location in RAM where the 
next pixel will be written. 

Transmit Software, Fig. 7 
contains a simplified exam¬ 
ple of how an SSTV transmit 
routine can be written. This 
example, like SSTV receive. 


is very general and is pro¬ 
vided only as an example to 
allow for a guideline for de¬ 
velopment of more complex 
code. 

The software starts off by 
placing the picture con¬ 
tained in memory onto the 
display card. This is accom¬ 
plished by a simple block 
move of data to the display 
card. Prior to the block 
move, the card hardware 
counter is reset to zero and 
16K bytes are taken from 
RAM and transferred to the 
video card. Each time the 
byte is stored at the video- 


Display Board 
ICs 

8 U1-U8 TMM2016 or 6116 

1 U9 74LS00 

2 U10, U11 74LS393 

2 U12.U13 74LS244 
2 U14.U15 74LS138 
1 U16 74LS244 

1 U17 74LS367 

1 U18 6845 

1 U19 744LS93 

1 U20 74LS245 

1 U21 74LS00 

1 U22 74LS11 

1 U23 74LS367 

1 U24 74LS02 

1 U25 74LS00 

1 U26 74125 

1 U27 74LS02 

1 U28 74LS05 

1 U29 74LS374 

1 U30 74LS157 

1 U31 LM1886 

1 U32 LM1889 

1 U33 9602 

Transistors 

2 2N3904 
Resistors 

1 75 Ohms '4 W, 5% 

2 150 '4 W, 5% 

2 220 V* W, 5% 

2 470 V« W, 5% 

1 510 >4 W, 5% 

1 600 ’/„W,1% 

1 680 >4 W, 5% 

8 Ik ’4 W, 5% 

1 1.2k W, 1 % 

1 2.4k ’/, 0 W, 1 % 

1 4.7k ’4 W, 5% 

1 5.1k K.W, 1% 

2 5.1k ’4 W, 5% 

1 10k ’4 W, 5% 

2 50kTrimpot 
Capacitors 

3 43 pF Mica 

2 100 pF Mica 

1 1000 pF Mica 

1 0.001 >iF 

1 0.01 «F 


20 0.1 nF 

1 10 (iF 

1 Variable cap, 9-35 pF 

1 Crystal, 6.144 MHz 

1 Crystal, 3.579545 MHz 

SSTV Modulator 

1 1C XR 2206 

1 0.033 fJF Mylar™ 

1 0.01 mF Ceramic 

2 200 Ohms ’4W,5% 

2 5.1k ’4 W, 5% 

1 10k ’4 W, 5% 

1 22k >4 W, 5% 

1 39k '4 W, 5% 

1 47k V* W, 5% 

1 Ik Trimpot 

1 5k Trimpot 

1 50k Trimpot 

SSTV Receive Interface 
4 1C 1-4 MCI 458 

1 IC5 7414 

Resistors 

1 620 Ohms >4 W, 5% 

2 1.0k '4 W, 5% 

1 2k <4 W, 5% 

4 4.7k Vi W, 5% 

11 10k ’4 W, 5% 

3 15k *4 W, 5% 

2 18k >4 W, 5% 

1 20k V« W, 5% 

3 39k '4 W, 5% 

3 82k '4 W, 5% 

1 220k '4 W, 5% 

1 4.7 M V* W, 5% 

1 Ik Trimpot 

1 10k Trimpot 

Capacitors 

3 '0.0047 (iF Mylar™ 

1 *0.01 (iF Mylar 

6 *0.022 (iF Mylar 

2 *0.068 (iF Mylar 

1 *25 ,iF Mylar 

Small Signal Diodes 

8 *1N914 

* Or equivalent. 
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card address, the hardware 
automatically increments 
the RAM address to the next 
location. 

The transmission process 
starts off by issuing a ver¬ 
tical sync pulse. This pulse 
allows for the receiver on 
the other end of the trans¬ 
mission path to reset the pic¬ 
ture to the top of the screen. 
In the following steps, a pic¬ 
ture byte in memory is loaded 
into the A accumulator. 
Each nibble is formatted into 
the lower nibble of a byte. 
This byte is next used as an 
offset to a lookup table in 
memory which will convert 
the address to an appropri¬ 
ate digital signal which can 
be transferred to the D/A 
converter in the CoCo. This 
signal will then be trans¬ 
ferred to a vco (variable fre¬ 
quency oscillator or modu¬ 
lator) which converts this 
signal to a sinusoidal fre¬ 
quency in the audio range 
This resultant signal is SSTV. 

The program continues to 
transmit pixels until 256 pix¬ 
els are transmitted. At this 
time a horizontal sync pulse 
is transmitted. The program 
next checks if 128 lines have 
been transmitted. If so the 
whole process is terminated. 
If not, the program contin¬ 
ues to transmit pixels. 

CRT Controller Initializa¬ 
tion. Fig. 8 contains a soft¬ 
ware routine which will ini¬ 
tialize the 6845. The routine 
takes 16 bytes of data in the 
table CONCRT and stuffs 
them into the controller reg¬ 
isters. This process is ac¬ 
complished by first present¬ 
ing the controller register 
number to the 1C. Next the 
data byte is loaded into the 
accumulator then trans¬ 
ferred to the card. 

The display constants in 
CONCRT are for a standard 
60-Hz display system. To 
revise the formats to 50 Hz, 
625 lines, registers 1 and 5 
must be changed. The val¬ 
ues should be selected by 
trial and error. 

Hardware Construction 

The hardware mentioned 
above can be constructed 


on prototype cards or as¬ 
sembled from printed cir¬ 
cuit boards. To assemble the 
display interface on proto¬ 
type cards takes a lot of 
work and is vulnerable to 
errors. Problems experienced 
with prototyping the card 
have included, grounds con¬ 
ductors were too small, too 
few bypass capacitors on 
power lines, and hardware 
counters U10 and U11 re¬ 
quired a small capacitor on 
the counter-reset line. 
Despite these problems, 
about 5 boards have been 
constructed to date with ex¬ 
cellent results. 

Photo A shows the multi- 
mode display board. 1 This 
interface is very compact 
and its design is slightly dif¬ 
ferent from the one shown in 
Fig. 3. The board is attached 
to the computer through a 
short cable (see Photo B). 

Photo C shows the orig¬ 
inal prototype card con¬ 
structed by K6AEP The card 
was point-to-point solder- 
wired on a prototype SS-50 
computer interface card. A 
small adapter card was con¬ 
structed to plug into the 
CoCo expansion interface. 
(An etched PC board or 
completely assembled ver¬ 
sion of this card is available 
from L. W. Interface. 3 

The SSTV receive and 
transmit interfaces are avail¬ 
able in a number of forms. 
Photo D shows the multi- 
mode receive-board inter¬ 
face card; Photo E is a 
transmit interface from 
RTM Circuit Boards. 3 

All boards can be placed 
in a cabinet with the appro¬ 
priate power supplies of 5 
volts (1 Amp) and ±12 volts 
(100 mA). Cables can be 
made to attach to the com¬ 
puter and receivers. 

Part II of this article will 
describe the FAX hardware. 

Conclusions 

The computer approach 
to displaying images is a 
very cost-effective method. 
Most alternative methods 
available are limited in func¬ 
tion and are considerably 
more costly. The commer- 





Photo H. A color-SSTV picture v.ith graphics. This picture is 
the same as Photo C, but reduced in size by software and 
placed in the center of the image area. The graphics were 
generated bv software and placed around the picture. The 
graphics and picture were all generated by the Kb ATP 557V 
7.6 Revision 2 program. 


cial units have one advan¬ 
tage in that they can be pur¬ 
chased and plugged into the 
wall and they are opera¬ 
tional. The computerized 
system described takes a lit¬ 
tle more work, but it is ex¬ 
tremely flexible and not sub¬ 
ject to obsolescence as are 
its commercial counterparts 
The results achieved with 
the system described here 
rivaled those of commercial 
counterparts 

Photo F is a typical color 
image, 128 pixels per line on 
128 lines, 256 colors per pix¬ 
el. Photo C is another color- 
SSTV image which shows 
the resolution of the display 
board on facial flesh tones 
This type of image is the 
hardest type to display. This 
picture shows color con¬ 
touring due to the 256 colors 
per pixel. Photo H is another 
color picture with computer- 
graphics overlays generated 
bv software. The picture is 
the same as Photo C but re¬ 
duced in size by one halt 
The colored image was 


moved to the center of the 
display screen and graphical 
characters of various colors 


were distributed around the 
picture 

Better results can be 


achieved with 32K of dis¬ 
play memory, but photos 
were not presented in this 
article for this mode. The 
black and white images de¬ 
veloped by this display den¬ 
sity approach fast-scan TV 
quality. 

More photos will be pre¬ 
sented in Part II of the arti¬ 
cle, on the FAX application. 

Obviously a project of 
this magnitude is not a one- 
person effort. Some of the 
people who contributed 
were Ron Adair K5HFT of 
Multimode Corporation, 
Bob Blackstock WB5MRC 
who helped with the display- 
board design, Larry Fritz 
AC80 of L. W. Interface, 
and Bob Wilson WB0RTM 
of RTM Circuit Boards. ■ 
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here is the next generation Repeater 

MARK 4CR 


No other repeaters or controllers match 
Mark 4 in capability and features. That’s 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message Master-v real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
heiical filter receiver • extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet 

Call or write for specifications on the 
repeater, controller, and receiver winners. 


The only repeaters and controllers 
with REAL SPEECH! 

Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 


V 


MICRO CONTROL SPECIALTIES 

Division of Kendecom Inc. 

23 Elm Park. Groveland. MA 01834 (617) 372-3442 
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Wrap Up TVI 

Can you endure another evening without transmitting? 

Use this simple cure to choke out television interference forever. 


O ne of the most per¬ 
plexing problems for 
the amateur can be TVI 
complaints. It seems that no 
matter how clean your rig, 
how little power you ra¬ 
diate, or what operating 
hours you choose, it is only a 
matter of time before a TVI 
problem comes home. The 


best defense against these 
complaints is the ability to 
prove you are not ruining 
your own TV reception. The 
unfortunate fact of this de¬ 
fense is that few of us can 
boast of "clean" TV recep¬ 
tion while running our trans¬ 
mitters. 

After collecting some TVI 



Photo A. The TVI cure in place. The antenna coax and TV 
power cord are wound in opposite directions through the 
core to minimize coupling effects. 
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complaints, most from my 
own household, a solution 
to the problem was sought. 
The original attempt to cure 
our own TVI problem was 
the installation of cable TV 
This failed miserably and, in 
fact, enhanced the sensitivi¬ 
ty of both television sets to 
my transmissions. Now, with 
the capability of jamming 
every channel day or night, 
an ultimatum was issued: 
cure the problem or find an¬ 
other hobby 

Several solutions were 
tried. The addition of high- 
pass filters seemed to have 
little effect on the interfer¬ 
ence. A new grounding sys¬ 
tem was installed utilizing 
multiple copper rods with a 


braided-copper ground strap 
run to the rig. This lessened 
the TVI but did not cure the 
problem. 

Since my efforts were 
proving less than effective, 
current literature on TVI pre¬ 
vention was avidly read dur¬ 
ing my nonoperating time. 
Despite being hooked up to 
cable TV, the symptoms ap 
pea red to be the result of 
front-end overloading of the 
TV receivers. Further reading 
indicated the probability of 
inductive coupling between 
the TV coax and the trans¬ 
mitter. In this case, rf cur¬ 
rents are induced to flow in 
the shield of a coaxial cable 
situated near a transmitter 
or antenna, A high-pass filter 



Fig. T 



is of no use in this situation 
since the rf current flows 
down the shield of the coax, 
through the filter casing, 
and into the TV, 

There are several possible 
solutions One is to install a 
quarter-wave stub at the an¬ 
tenna terminals of the TV, 
but this is effective for only 
one operating frequency. A 
better method is to use a 
large ferrite toroidal core 
and wind the coax around it. 
This functions as a shield 
choke, preventing rf cur¬ 
rents from flowing into the 
TV, and is effective at all op¬ 
erating frequencies. The on¬ 
ly problem with this arrange¬ 
ment is the cost of a suitable 
ferrite core They are typical¬ 
ly $10.00 to $15,00 apiece. 

A less-expensive alterna¬ 
tive was sought Remember¬ 
ing that picture-tube deflec¬ 
tion yokes have a toroidal 
core, several were picked up 
from a local TV repair shop. 
They were obtained free of 
charge, being defective 
units that had been re¬ 
placed. The copper wind¬ 
ings were stripped off re¬ 
vealing a large, bell-shaped 
split core bound together 
with a metal strap. The TV 
coax was coiled around this 
core in the same manner as 
winding a toroidal trans¬ 
former (Fig. 1). Three inches 
of cable was left free for at¬ 
tachment to the television. 
This placed the homemade 
choke as close as possible to 


the TV antenna terminals 
to minimize unwanted rf 
pickup 

The results were truly grat¬ 
ifying. With the transmitter 
running at full power, only a 
faint cross-hatching could 
be discerned on the picture. 
Next, the television power 
cord was wound around the 
ferrite core in the same man¬ 
ner as the coaxial cable. At 
this point, all symptoms of 
interference vanished. Even 
with one television oper¬ 
ating a mere four feet from 
the transmitter, the picture 
and sound remained crystal 
clear. 

The same setup was tried 
with the stereo system in an 
attempt to achieve the same 
spectacular results. The 
speaker leads and the 
power cord were wrapped 
around the core in the same 
manner as with the televi¬ 
sion Again it worked 
beyond all expectations 
"CQ CQ from KR7L" was 
never heard on it again. 

This system will not cure 
every TVI or RFI problem 
you might have. If your 
transmitter is spewing out 
harmonics or other spurious 
radiation, you need to go to 
work on the rig, not the tele¬ 
vision. On the other hand, 
this method will cure simple 
overload problems and the 
cost can't be beat. The TV 
repair shops in my area were 
more than happy to give 



Photo B. The ferrite core is removed from the deflection yoke 
by releasing the metal restraining band or by cutting the 
masking tape that holds it in place. 



away all their old, defective 
deflection yokes. 

Now when the neighbor 
comes over to announce 
that I'm pulverizing his TV, I 
set him down in front of 
mine while I fire up the rig. A 
short demonstration results 


in profuse apologies and a 
willingness to listen to some 
solutions. In addition, I can 
rest assured that I am free to 
operate when and where I 
choose without disrupting 
the family's favorite TV pro¬ 
grams. ■ 



Photo C. The correct method of coiling the TV coax through 
the ferrite core. 
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But I Know How To Solder! 

Anyone can dribble hot metal over a joint but it takes 
an artist to really solder. Are you a Picasso or a pig? 


D o you? Do you really 
know how to solder? 
We have all seen good and 
bad soldering in commercial 
products, from the small 
battery-operated AM radios 
and their atrocious work¬ 
manship to high-quality and 
reliable products both do¬ 
mestic and foreign. Most of 
the amateur-radio equip¬ 
ment manufacturers have 
rigid quality control which 
ensures that you are getting 
a good product 

But how about you? Can 
you duplicate their results 
when you work on that 
home project? And when it's 
finished, do you stand back 
and look at it with a feeling 
of accomplishment or do 
you say "good enough for 


government work," as long 
as it works? 

Then and Now 

Let's look at this process 
of joining two pieces of met¬ 
al together by the use of a 
solder alloy. It's one of the 
oldest known joining tech¬ 
niques and probably the 
least understood by most 
hams. Believe it or not, it 
was first developed in an¬ 
cient Egypt; the technology 
has advanced to such a de¬ 
gree today, however, that 
even to mention its origin 
would be like comparing the 
first crystal set to the mod¬ 
ern-day receiver. 

Today, in the field of elec¬ 
tronics, soldering is far from 
the simple task it was in the 



Fig. 1. Fusion characteristics of tin/lead solders. 
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early days of radio It could 
be considered a fine art and 
one that requires experi¬ 
ence. a thorough knowledge 
of fundamentals, and great 
care. Faulty solder joints still 
remain the chief cause of 
equipment failure. 

What is presented here 
will cover basic soldering for 
electronics and certainly does 
not represent the details 
which should be covered for 
one to become skilled. It 
should provide you with 
the fundamental knowledge 
needed to perform soldering 
operations with a fair degree 
of reliability. It will cover 
the fundamentals of solder 
action, the selection and 
proper use of the soldering 
iron, and some clarifying 
definitions. It will not cover 
the accepted procedures for 
soldering wires and compo¬ 
nents to single-sided, dou¬ 


ble-sided, and multi-layer 
circuit boards. 

All aerospace contractors 
have in-house training pro¬ 
grams that are a certifica¬ 
tion requirement imposed 
on them by NASA. These go 
into great detail and are 
quite lengthy. To cover 
these related requirements 
would fill a book, but the 
average amateur has no use 
for information on a "PWB 
lapped termination, a PWB 
stud termination, PWB 
clinched termination, turret 
terminal termination, or a 
bifurcated terminal termina¬ 
tion." This subject can get 
very dry after about a week, 
and just a little bit goes a 
long way. 

So. the key word here is 
reliability. High-reliability 
soldering has been an an¬ 
swer to early failures in 
space equipment and the 



Fig. 2. Types of cored solder, 
with varying solder-flux per¬ 
centages. 


Fig. 3. Plastic range of 6 0/40 
solder: Melt begins at 361 0 F 
and is complete at 375° F. 






concept has spread to in¬ 
clude aviation, weapons, 
and medical equipment. To¬ 
day, we expect this reliabili¬ 
ty in every-day electronics 
as well, from your hand-held 
to receivers with complicat¬ 
ed bells and whistles. 

General Considerations 

In order to form a contin¬ 
uous electrical path that will 
ensure a good contact, one 
that vibration and mechani¬ 
cal shock won't loosen and 
will not be subject to oxida¬ 
tion or corrosion, we must 
solder it according to ac¬ 
cepted standards. Look at 
Fig. 1; it details the fusion 
characteristics of tin/lead 
solders. Notice the melting 
point of lead and tin and 
their different alloys. These 
will be discussed later in 
more detail . 

The term "soldering” gen¬ 
erally means "soft soldering," 
which simply means a meth¬ 
od of joining two metals to¬ 
gether with an alloy of rela¬ 
tively low melting point, 
usually composed of tin and 
lead. 

Common soft solder used 
by all of us at one time or 
another comes in ribbon, 
wire, and bar form. Wire sol¬ 
der may be either solid or tu¬ 
bular with a core (or cores) 
of either acid or rosin solder¬ 
ing flux. Bar solder is always 
used with heavy irons or 
with blow torches, plumb¬ 
ing, and large sheet-metal 
work. Ribbon and wire sol¬ 
der are used with light irons 
on electrical wiring and 
other small jobs, as shown in 
Fig. 2 

Solder is designated by 
numbers; the first number 
represents the proportion of 
tin and the second number 
the proportion of lead. 60/40 
solder means a solder that 
is composed of 60% by 
weight of tin and 40% by 
weight of lead. A common 
solder for all-around use is 
50/50 or "half and half." 
There are others for a more 
specialized use. Soft solders 
for gold and silver and for 
copper and brass sheet gen¬ 


erally contain more tin than 
lead and melt at a low tem¬ 
perature. 

So-called liquid solders, 
or "cold solders," usually 
are not solders at all but are 
cements or glues fortified 
with aluminum or other me¬ 
tallic powder. Avoid trying 
to make a metal-to-metal 
bond with these products. 
They are not electrically 
conductive and they may 
disintegrate in the presence 
of organic solvents or at 
temperatures considerably 
below the softening point of 
tin and lead solders. 

The Need for Fluxes 

What does the applica¬ 
tion of flux do? Why do we 
need to apply flux to a sur¬ 
face to be soldered? In order 
for the solder to adhere to 
the metals to be joined, the 
surfaces must be complete¬ 
ly free of oxide. Oxides are 
present on most metals; 
they form at room tempera¬ 
tures but almost immediate¬ 
ly when heated. A coating or 
some material must be used 
that will remove the film al¬ 
ready present and protect 
the solder and the metal 
from further oxidation. Such 
a material is flux. It is a Latin 
word, and it means "to 
flow." 

Except for electrical 
work, the fluxes most com¬ 
monly used for soft solder¬ 
ing are solutions of pastes 
that contain zinc chloride or 
a mixture of zinc and ammo¬ 
nium chlorides. The heat of 
the soldering operation 
evaporates the medium con¬ 
taining the chloride flux. 
The flux then melts and par¬ 
tially decomposes with the 
liberation of hydrochloric 
acid which dissolves the ox¬ 
ides from metal surfaces. 
The fused flux also forms a 
protective film that prevents 
further oxidation. These 
fluxes are called "acid 
fluxes" and come in both 
liquid and paste form. 

It goes without saying 
that acid fluxes have a cor¬ 
rosive action and most cer¬ 
tainly should not be used to 


solder electrical connections. 
On printed circuit boards — 
and if it is necessary to wipe 
the surface with flux prior to 
soldering—it would certain¬ 
ly be wise to use a good 
grade of flux and one that 
can be removed completely. 

Some assembly proce¬ 
dures recommend that all 
solder pads be wiped with a 
coat of flux. This is a bad 
practice. It is hard enough to 
remove the last traces of ex¬ 
cessive flux and its residue 
without damaging the print¬ 
ed circuit board or the in¬ 
stalled components. If there 
is adjacent wiring attached, 
there is always the danger of 
rosin flux wicking into the 
wire between the conductor 
and the insulation, which 
would not be removed when 
the board is cleaned. 

Always use a good grade 
of solvent to remove the un¬ 
wanted flux and its residue 
Ethyl alcohol, isopropyl 
alcohol, trichorotrifluoro- 
ethane, or tricholoethane 
can be used. A mixture of 


about 90% isopropyl al¬ 
cohol and 10% naphtha is 
excellent for most work 

An acid brush with about 
half of the bristles cut away 
makes an effective tool to 
remove the flux and residue 
Rub gently but firmly, taking 
care not to press too hard, 
until all traces of the flux are 
removed. In some cases the 
joint can be polished using 
several thicknesses of 
Kleenex. 

Solder 

Rosin core solder, when 
heated to its melting point, 
undergoes several changes 
which should be noted in 
order to make a good joint. 
It is solid to begin with, 
changes to a plastic, and 
then changes to a liquid 
form. Pure tin melts at about 
450° F and lead at 621 0 F. It 
would seem that a 50/50 al¬ 
loy would therefore become 
liquid at about 535° F. Not 
so. 50/50 is a solid until it 
reaches a temperature of 
about 361 0 F. At this point it 
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Fig 6. Selected tinning. 
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Fig. 4. Tip types. 


becomes plastic and re¬ 
mains in this condition until 
it reaches 415° F when it be¬ 
comes liquid. 

Let's take 60/40 (see Fig. 
3). At 361° F, 60/40 changes 
from a solid to a plastic and 
remains in that state until 
375° F when it turns into a 
liquid. The time that 60/40 
remains in a plastic form is 
considerably less than the 
50/50. If the joint is moved 
while the solder is in a plas¬ 
tic state, it could well be de¬ 
scribed as a disturbed joint 
It might check out with your 
meter, but when an electri¬ 
cal load was applied, it could 
fail to conduct 

Let's take another case: 
63/37 alloy. This is what is 
called an eutectic (low melt) 
composition. It is 63% tin 
and 37% lead. It has no 
plastic state and is trans¬ 
formed from a solid to a liq¬ 
uid at 361 ° F. 63/37 is most 
generally used on printed 
circuit boards. It can be seen 
that this would have an ad¬ 
vantage since the plastic 
state does not occur. Also, 
the importance of the sol¬ 
dering-iron tip temperature 
suddenly takes on a new 
meaning. 

Heat Sources and Tinning 
A temperature-regulated 
soldering iron is a must 
when soldering printed cir¬ 
cuit boards. A 50-Watt iron 
can easily be regulated with 
a variac or a homemade 
voltage regulator using a 
light-dimming rheostat The 
temperature can be adjust¬ 
ed to suit the need of the 
joint to be soldered. The 
larger the mass, the more 
temperature will be re¬ 
quired. Start with a low tem¬ 
perature and gradually in¬ 


crease it until the desired re¬ 
sult is achieved. 

The geometric shape of 
the soldering tip controls 
the rate of heat flow to the 
extreme point of the solder¬ 
ing tip. Two main considera¬ 
tions should be made in 
choosing a proper tip point 
access to the solder joint 
and maximum wetted con¬ 
tact of the tip point with the 
joint members to be sol¬ 
dered. Because of high com¬ 
ponent density, one often is 
restricted to just one or two 
shapes. The standard solder¬ 
ing tips are shown in Fig. 4. 

Let's look at Fig. 5 and con¬ 
sider that word "wetted." 
Wetting is the flow and ad¬ 
hesion of a liquid to a solid 
surface. It is characterized 
by smooth, even edges. In 
other words, a tip that is hot 
and tinned and ready to do 
its job. Conversely, de-wet¬ 
ting is a condition in a sol¬ 
dered area in which the liq¬ 
uid solder has not adhered 
intimately to the joint or, in 
this case, the solder tip. 

Selected tinning (Fig. 6) is 
an important consideration 
in certain soldering opera¬ 
tions and the point should 
be tinned on one side only. 
There is a good reason for 
this: There is less chance of 
disturbing an adjacent joint 
with the immunized side of 
the tip's point. When a sol¬ 
dering iron is removed from 
its holder, the soldering tip 
should be cleaned on a wet, 
sulfur-free cellulose sponge 
The wet sponge will provide 
a thermal shock to break 
free and remove secondary 
oxides from the surface of 
the tip. 



Fig 5. Molten solder dis¬ 
solves and penetrates a clean 
copper surface forming an 
intermetallic bond 

of oxidation) of the tinned 
areas will start when the sol¬ 
der begins to ball up on the 
tip. Once this action has start¬ 
ed, it usually will continue 
until the tip will no long¬ 
er wet with fresh solder and 
makes a dry contact with 
the work. Then the operator 
will believe the iron is not 
hot enough. This can all be 
avoided if the tip is tinned 
after each soldering opera¬ 
tion and prior to placing the 
iron in its holder. 

Another cause of de-tin- 
ning is an excessively high 
tip-idling temperature at 
which the solder oxidizes 
faster than you are able to 
replenish the tip with fresh 
solder. At high temperatures 
the flux usually burns and 
carbonizes, further adding 
to the de-tinning of the tip. 
Two simple axioms should 
be remembered: 

1) Solder at the lowest 
practical temperature, and 

2) Keep your soldering tip 
tinned. 

Stranded wires may be 
tinned very simply if you 
keep in mind the mass they 
present to the soldering iron. 
In other words, the larger 
the wire, the larger the sol¬ 
dering iron. For example, 
suppose we wanted to tin a 
22-gauge wire and a 14- 
gauge wire. Both could be 
handled the same way, with 
a couple of exceptions. A 
small, 25-Watt iron with a 
tip temperature of about 
500° F would be sufficient 
for the smaller wire. How¬ 


A tip will de-tin or de-wet, 
and degradation (or the start 
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ever, in order to tin the larg¬ 
er wire, an iron of at least 
100 Watts should be used 
but with the same tip tem¬ 
perature. 

To tin, place a drop of sol¬ 
der on the tip, place the wire 
in the solder, and add solder 
to the top of the wire so that 
it sweats completely and 
through the strands. Move 
the wire slowly along the 
length to be tinned while 
adding solder constantly un¬ 
til the strands are thorough¬ 
ly wet with solder. 

Another way to tin wires 
is called the "reflow" meth¬ 
od. Tin your wire in the usu¬ 
al way and note if it has sur¬ 
plus of solder on the wire 
and separate strands cannot 
be distinguished. Reflow 
can be accomplished by 
raising the iron temperature 
considerably, then dipping 
the soldered portion of the 
wire into flux (a good grade 
of rosin flux) while wiping 
the tip rapidly on a wet 
sponge to shock off the ox¬ 
ides. Very quickly hold the 
wire in a vertical position 
and place the tip of the wire 
on the soldering-iron tip. 
The excess solder will be re¬ 
moved and will flow to the 
soldering-iron tip, and the 
wire strands will be visible. 
The wire will be thoroughly 
tinned and will not "bird¬ 
cage" when bent 

A Word to the Wise 

Use a thermal shunt or a 
heat sink whenever install¬ 
ing heat-sensitive compo¬ 
nents like transistors, flat 
paks, or integrated circuits. 
It is very easy to damage 
these items with excessive 
heat When trimming tran¬ 
sistor leads for installation 
on your favorite PC boards, 
grip the lead to be cut with 
needle-nose pliers between 
the transistor case and the 






point where you cut The en¬ 
ergy that makes the unused 
end go flying across the 
room can also be expanded 
in the opposite direction 
and can fracture the con¬ 
nection inside the housing 
easily scratch one tran¬ 
sistor. 

Definitions 

Cold solder joint: An unsat¬ 
isfactory connection result¬ 
ing from de-wetting or 
movement of the conductor 
during cooling. Also caused 
by too rapid cooling (like 
dousing it in water). These 
joints usually appear frosty 
and granular. They will show 
up as an intermittent when 
you least expect it and will 
drive you up the wall. When 
checked with your trusty 
meter, they show good con¬ 
tinuity, but when an electri¬ 
cal load is applied, things will 
change from time to time 

Plated-through hole (PTH): 
An interesting thing to look 
for on printed circuit 


boards. This is a plated- 
through hole formed by the 
deposition of metal on the 
inside surface of the hole. 
(Also known as a supported 
hole.) It is used to provide 
additional mechanical 
strength to a soldered termi¬ 
nation and/or to provide an 
electrical interconnection 
on a multilayered printed 
wiring board. Use extreme 
care whenever removing a 
component from one of 
these. You could loosen it 
up on one side and it would 
still be solid on the other 
side. It is best to use solder 
wick here or a solder sucker 
and remove all the solder. 
Rosin solder joint: A connec¬ 
tion with entrapped rosin 
flux. The only recourse is to 
re-solder—careful ly. 

Solder icicle: Most generally 
noted on small imported 
hand radios. It is a cone- 
shaped peak or sharp point 
of solder usually formed by 
the premature cooling and 
solidification of solder upon 


removal of the heat source. 
High-speed production 
causes this unsatisfactory 
condition. If the operator 
worked that fast, it makes 
one wonder what other bad 
practices he was guilty of 
Be suspicious of the whole 
unit if this is noted 

Things to Remember 

• Flux is very corrosive at 

solder-melting tempera¬ 
tures, which accounts for its 
ability to remove oxides. If 
you must use flux, use a, 
good grade Kester No. 1544 \ 
is a good grade' for almost" 
all electrical and electronic 
soldering. \ 

• Vary the voltage input to 
your soldering iron and there¬ 
by control the tip tempera¬ 
ture. Also choose a solder¬ 
ing iron that is matched to 
the thermal mass you wish 
to solder. Light work, light 
iron; heavy work, large iron 

• If the iron tip is too large 
for the work and too hot, the 
heating rate will be so fast 
that it cannot be controlled 


If the tip is too small, the 
heating rate will be too slow 

A good rule to prevent over¬ 
heating is to get in and out as 
fast as you can. This simply 
means using the hottest iron 
you can react to, or one giv¬ 
ing about a two-second con¬ 
tact on the joint being sol¬ 
dered. Caution: Too much 
heat, too much pressure, too 
many times on a printed cir¬ 
cuit board—even on the 
very best board—will lift 
the pad. 

• Always remove the flux 
pnd other impurities. Keep it 
clean clean clean! 

• Finally, some soldering 
irons are simply not compat¬ 
ible with transistors and in¬ 
tegrated circuits. They are 
not isolated from ground 
and can easily zap every¬ 
thing you solder Choose 

I would like to acknowl¬ 
edge the encouragement 
and help of Merv Holmberg 
KQ1G His constructive 
comments and enthusiasm 
made research a pleasure ■ 
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Free-Form Filter Design 

Build the ultimate audio filter: high-pass , low-pass , bandpass , 
notch, variable Q and cutoff frequency , all in a single circuit 
Circuit? Sorry , that's s/ng/e chip/ 


lonathan A. Titus KA4QVK 
PO Box 242 
Blacksburg VA 24060 


M any hams use filters 
to block interfering 
signals so that CW, phone, 
and RTTY transmissions can 
be copied better. Crystal fil¬ 
ters are used in many mod¬ 
ern transceivers in i-f stages, 
and add-on audio filters are 
available from many manu¬ 
facturers. Most audio filters 
don't vary much in their de¬ 
sign, using operational am¬ 
plifiers (op amps), resistors, 
and capacitors to put to¬ 
gether active-filter building 
blocks. These have been de¬ 
scribed in many publica¬ 
tions. and a typical filter is 
shown in Fig. 1. Common au¬ 
dio filters are low-pass, high- 
pass, bandpass, and notch. 
See Fig. 2 for typical frequen¬ 
cy response curves. 


Circuits are available if 
you want to build your own 
filter. Articles in 73, QST, 
and other ham magazines as 
well as sections in The Ra¬ 
dio Amateur's Handbook 
provide circuit details. 1 **" 
Most of the parts are inex¬ 
pensive and readily avail¬ 
able, but if you want to look 
at off-the-shelf filters, they 
are available from many 
manufacturers. The MFJ-720 
is a typical bandpass filter, 
centered at about 750-800 
Flz. Standard filter circuits 
can be duplicated, and by 
using several filter stages in 
series, you can get a fairly 
narrow bandwidth. You also 
can buy a filter such as the 
M and M Electronics MSB-1, 
which contains all of the fil¬ 



Fig 1. A typical op-amp bandpass filter for 750-800 Hz. 
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ter types. Even more com¬ 
plex and expensive filters, 
such as the Datong frequen¬ 
cy-agile audio filter, are 
available. 

Integrated-Circuit Filters 

If you decide to build 
your own filter circuits, you 
might consider using the 
AF-100 integrated circuit 
from National Semiconduc¬ 
tor. This "chip" contains 
three op amps preset in a ba¬ 
sic filter circuit. By adding a 
few external components, 
bandpass, low-pass, and 
high-pass filters can be built 
A "spare" op amp in the 
chip is used if you want to 
build a notch filter. Filters 
are easy to set up; a few cat 
culations are needed to se¬ 
lect the right combination 
of resistors and capacitors, 
but the math is simple. 
There is a 20-page data sheet 




available that explains the 
types of filter functions that 
can be obtained, and several 
examples show how to use 
this filter chip. There is also 
an AF-150 universal wide¬ 

band active filter and an 
AF-151 dual universal filter. 

One of the limitations of 
most of the standard fil¬ 
ters is that you can't easi¬ 
ly change the cutoff fre¬ 

quency once the filter has 
been built. For example, in 
a filter with four op amps, 
you would need to carefully 
vary at least four resistors 
to change the cutoff fre¬ 

quency. 

By the way, the term cut¬ 
off frequency is used a bit 
loosely, since low-pass and 
high-pass filters have a cut¬ 
off frequency, while notch 
and bandpass filters have a 
center frequency. Since it's 
cumbersome to say both. 




Fig 2. Frequency response curves for standard filters. 







let's use cutoff frequency, 
since it's fairly standard. 

If a CW signal is being 
masked by one at a slightly 
higher audio frequency, you 
may be able to shift the in¬ 
terfering signal a bit higher 
and then use a bandpass fil¬ 
ter to add further selectivity 
to the signal you are copy¬ 
ing. If the cutoff frequency 
of your filter is fixed, this 
type of adjustment may be 
difficult. Many less expen¬ 
sive filters have a fixed cut¬ 
off frequency, while some 
of the more expensive ones, 
such as the M and M Elec¬ 
tronics MSB-1, use ganged 
potentiometers so that the 
center frequency can be var¬ 
ied. Ganged pots get to be 
expensive, so designs are 
generally limited to two 
pots operated by the same 
knob. Since ganged poten¬ 
tiometers don't always track 
one another perfectly, filter 
performance is affected. 

The Bencher XZ-2 band¬ 
pass filter has a variable cut¬ 
off frequency, but ganged 
pots are not used. A single 
potentiometer controls sev¬ 
eral transistors that act as 
variable resistors in the indi¬ 
vidual filter stages. This al¬ 
lows the center frequency to 
be changed rather easily, 
and it seems to be a reason¬ 
able solution to the mechan¬ 
ical problems of ganged po¬ 
tentiometers. 

CW Regenerators 

A CW regenerator is a 
fairly simple circuit in which 
a phase-locked loop (PLL) or 
other tone-detecting circuit 
is used to pick out a narrow 
frequency band. 4 Since the 
output of the PLL is a logic 
signal indicating tone or no 
tone, the CW signal being re¬ 
ceived is tuned so that the 
PLL "follows" it. An LED on 
the output provides a visual 
signal that can be used to 
show you when the PLL is 
accurately tracking the CW 
signal you are hearing. The 
output of the PLL is used to 
trigger an oscillator, and this 
tone is heard in a headset or 
on a speaker. 

The net effect is to "re¬ 


construct” the signal by hav¬ 
ing a narrow tone band¬ 
width detected and using 
this to generate a perfect 
tone for the listener. A CW 
regenerating unit called the 
Amcoder was available 
from AMC Engineering a 
few years ago, and a block 
diagram of this unit is shown 
in Fig. 3. Since PLL circuits 
are sensitive to the ampli¬ 
tude of the input signal, an 
age stage between the re¬ 
ceiver audio output and the 
PLL input is recommended. 

Another CW regeneration 
circuit was described in 
QST ' This makes use of an 
"envelope detector" that 
demodulates the CW tones 
and triggers an oscillator to 
regenerate a perfect tone. 
This circuit also incorpo¬ 
rates a delay so that noise 
spikes do not trigger the 
tone oscillator 

Many other types of 
filters—LC, RC, acoustic, 
etc —have been described 
by amateurs and profession¬ 
als.* 

Switched-Capacitor Filters 
During the last year or so, 
a new type of filter inte¬ 
grated circuit has come on 
the market This is called the 
switched-capacitor filter, or 
SCF, and several types are 
available. Among the easi¬ 
est to use is the National 
Semiconductor MF-10 SCF ’ 
It costs about $3.00 and can 
be set up easily to perform 
any of the four filter opera¬ 
tions. No external capaci¬ 
tors are needed, and only a 
few external resistors are 
used. There are two filter cir¬ 
cuits in each MF-10 inte¬ 
grated circuit Without go¬ 
ing into the theory of opera¬ 
tion, I'll just tell you that the 
cutoff frequency of the 
MF-10 filter chip is set by us¬ 
ing an external clock. The 
clock frequency is selected 
to be either 100 or 50 times 
that of the cutoff frequency 
of the filter you are design¬ 
ing. The 100/50 ratio is pre¬ 
set at one pin on the MF-10 
chip. Since this is just a log¬ 
ic-state input, it provides an 
easy way to change the 



Fig. 3. Block diagram of a CW regenerator. 


range of the filter. Either a 
CMOS- or a TTL-compatible 
clock signal may be used. 

If you want to use the 
MF-10, you can set it up for a 
particular type of filter and 
vary the cutoff frequency of 
the filter by varying the 
clock frequency. One prob¬ 
lem with all SCF circuits is 
that a small amount of 
clock signal is superimposed 
on the audio signal being fil¬ 
tered. However, since the 
clock frequency is so much 
higher than the audio signal, 
one, you won't be able to 
hear it, and two, it's easy to 
put a simple RC low-pass fil¬ 
ter in the final audio output 
circuit to remove most of it 
A typical fourth-order, 1-kHz 
low-pass filter is shown in 
Fig 4 

In this circuit, both filter 
circuits in the SCF chip (each 
of which is a second-order 
filter) have been used in se¬ 
ries. Using a common clock 
frequency for all of the filter 
stages lets you easily change 
the center frequency of the 
filters, and they all track one 
another without significant 
errors. Additional informa¬ 
tion about the MF-10 is 
found in the 12-page data 
sheet for this device. 

Two other SCF devices 
are the Motorola MCI 45414 
dual tunable low-pass filter 
and the MC145433 notch fil¬ 


ter.’"" These devices were 
designed for use primarily in 
data communications equip¬ 
ment and modems, but th^y 
can be adapted for amatetff 
use. They are a bit expen¬ 
sive, in the $10 to $20 range. 

The Reticon R5620 

I have found that the 
most interesting SCF is the 
R5620, manufactured by EG 
& G Reticon and available 
for about $7.50. This filter 
has built-in high-pass, band¬ 
pass, notch, and low-pass 
operations, and no external 
filter components are need¬ 
ed. All of the filtering is 
done on the chip with built- 
in circuitry. The EG & G Reti¬ 
con Company manufactures 
linear photodetector arrays 



Fig 4. Using an MF-10 filter 
chip fora 1000-Hz, fourth-or¬ 
der, low-pass filter. 


_iT 



Fig 5. Pin configuration of the Reticon R5620 SCF chip. 
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Fig 6. Response curves for the Reticon R5620 used as a band¬ 
pass filter. 


and x-y photodetector ar¬ 
rays that are used in solid- 
state TV cameras. They also 
produce very complex and 
expensive filter devices for 
special signal-processing ap¬ 
plications. 


Filter Action LPin 

Low-pass Signal 

High-pass GND 

Bandpass GND 

Notch Signal 


In a filter circuit that uses 
the R5620, the cutoff fre¬ 
quency and its Q are inde¬ 
pendently set by providing 
five binary (logic 1, logic 0) 
inputs for each function. 
This means that there are 32 


GND GND 

Signal GND 

GND Signal 

Signal GND 


independent settings for 
each one. Any one of the 
four filter actions can be se¬ 
lected. Except for a few re 
sistors on signal inputs, no 
other external components 
are required. A pin configu¬ 
ration diagram of this chip is 
shown in Fig. 5. This chip us¬ 
es a split + 9-volt power 
supply and an external 
clock signal. The clock sig¬ 
nal can be TTL-compatible, 
but it is also easy to build a 
clock circuit that will run 
from the + 9-volt power 
supply 

The center frequency of 
the R5620 filter can be 
changed by changing the 
clock frequency or by 
changing a 5-bit binary code 
applied as logic levels to 
five pins on the R5620 chip. 
It is this set of digital inputs 
that gives the R5620 a great 
deal of flexibility. The five 
digital inputs are labled 
FO4-FO0 and they are 
shown in Table 1. The clock 


Q Binary Code Q 

04 . . Q0 

0 0 0 0 0 0.57 

0 0 0 0 1 0.65 

0 0 0 1 0 0.71 

0 0 0 1 1 0.79 

0 0 1 0 0 0.87 

0 0 10 1 0.95 

0 0 110 1.05 

0 0 111 1.20 

0 1 0 0 0 1.35 

0 10 0 1 1.65 

0 10 10 1.95 

0 10 11 2.20 

0 1 1 0 0 2.50 

0 110 1 3.00 

0 1110 3.50 

0 1111 4.25 

1 0 0 0 0 5.00 

1 0 0 0 1 5.80 

1 0 0 1 0 730 

10 0 11 8.70 

10 10 0 10.0 

10 10 1 11.5 

10 110 13.0 

10 111 15.0 

1 1 0 0 0 17.5 

110 0 1 19.0 

1 1 0 1 0 23.0 

110 11 28.0 

1 1 1 0 0 35.0 

1110 1 40.0 

1 1 1 1 0 80.0 

11111 150 


Table 2. Binary Q-control 
codes. 


rate is listed as the ratio of 
the cutoff frequency to the 
clock frequency. The con¬ 
trol inputs are simply pro¬ 
vided as a 5-bit straight-bina¬ 
ry code. Let's look at an ex¬ 
ample. We'll assume that a 
100-kHz clock signal is used 
and that the ratio of 102.3 
has been chosen by setting 
FO4-FO0 to 01111. The fil¬ 
ter's cutoff frequency is 978 
Hz. 

If the 100-kHz clock sig¬ 
nal is used, the filter's cutoff 
frequency can be varied 
from 500 Hz to 2 kHz by 
varying the 5-bit binary code 
on frequency-control lines 
FO0-FO4 between 00000 
and 11111. The 32 frequen¬ 
cy steps are logarithmic, 
which simply means that the 
frequency ratios are fairly 
even, about 4 to 5% per 
step. 

The alternate approach is 
to preset the 5-bit frequency 
code for the R5620 at about 
its mid-frequency setting 
(10000) and then vary the 
frequency of the clock sig¬ 
nal controlling the filter 
Without careful clock-cir¬ 
cuit design, this can present 
problems. Many home-brew 
clock circuits spread out the 
low frequencies on one side 
of the frequency-controlling 
potentiometer, but high fre¬ 
quencies are "scrunched" at 
the other side. Using a fixed 
clock frequency and chang¬ 
ing the 5-bit control input 
seems the better method of 
frequency control. 

The Q of the filter also 
can be varied by using the 
five digital inputs labeled 
Q4-Q0. As shown in Table 2, 
the Q can be varied from 
0.57 to 150. That's right, 150! 
Of course, you're not going 
to get much useful informa¬ 
tion through a bandpass fil¬ 
ter with this high a Q, but in 
between 150 and 0.57 there 
is a lot of useful filter power. 
Typical bandpass response 
curves are shown in Figure 6. 

The R5620 has three sig¬ 
nal inputs, LPin, HPin, and 
BPin, and by connecting the 
audio signal to be filtered to 
one of these, the appropri- 


Table 3. Signal input connections for different filter actions. 
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Frequency 
Binary Code 
F04 . . . FOO 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 10 0 
0 0 10 1 
0 0 110 
0 0 111 
0 10 0 0 
0 10 0 1 
0 10 10 
0 10 11 
0 110 0 
0 110 1 
0 1110 
0 1111 
1 0 0 0 0 
1 0 0 0 1 
10 0 10 
10 0 11 
10 10 0 
10 10 1 
10 110 
10 111 
110 0 0 
110 0 1 
110 10 
110 11 
1110 0 
1110 1 
11110 
11111 


Clock Frequency 
Cutoff Frequency 


200.0 

191.3 

182.9 

174.9 

167.2 

159.9 

152.9 

146.2 

139.8 

133.7 

127.9 

122.3 

116.9 

111.8 

106.9 

102.3 

97.8 
93.5 

89.4 

85.5 

81.8 

78.2 

74.8 

71.5 

68.4 

65.4 

62.5 

59.8 

57.2 

54.8 

52.3 
50.0 


Cutoff Frequency 
for 100-kHz Clock 


500 Hz 
523 
547 
572 
598 
625 
654 
684 
715 
748 
782 
818 
855 
894 
935 
978 
1022 
1070 
1118 
1169 
1222 
1279 
1337 
1399 
1462 
1529 
1600 
1672 
1748 
1825 
1912 


Table 1. Binary frequency-control codes. Frequencies are for 
a 100-kHz clock signal. 

HPin BPin 





coder. 


ate filtering is done. When 
the notch filter is to be used, 
the audio signal is routed to 
both the LPin and the HPin 
inputs. The chart in Table 3 
shows how the signals are 
connected. There are other 
combinations of these three 
inputs, but they are not use¬ 
ful for filtering. 

Since the R5620 has a 
O-dB insertion loss, no exter¬ 
nal signal amplification or 
attenuation is needed. How¬ 


ever, if you want to use this 
filter between your receiver 
and headphones or a speak¬ 
er, an audio output amplifi¬ 
er is recommended. There 
are many of these in inte¬ 
grated-circuit form, and they 
are easy to use 

The R5620 filter circuits 
can be cascaded, and you 
can control each one sepa¬ 
rately or you can use paral¬ 
lel digital inputs and control 
them simultaneously. The 


next question is how to get a 
5-bit binary code. 

Digital Filter Control 

One of the obvious ways 
to generate the 5-bit code is 
by using a series of five 
on/off or logic 1/logic 0 
switches. This may be fine 
for testing, but for on-the-air 
use, it's impractical. Thumb¬ 
wheel or rotary switches 
provide an alternate, but 
most of these are limited to 
12 or 16 positions. There are 
lots of 40-position binary- 
coded rotary switches avail¬ 
able from old 40-channel CB 
units, but these use an odd 
type of binary code, so they 
can't be used easily to gen¬ 
erate the required 5-bit 
straight-binary code. 

A solution that isn't as ob¬ 
vious is to use an analog-to- 
digital (A/D) converter to 
generate the binary codes 
that are needed. An A/D 
converter has a minimum 
and a maximum voltage 
range, and when an "un¬ 
known" voltage is within the 
range, the converter will 
provide you with a binary 
code that represents the un¬ 
known voltage. Thus, for an 
8-bit converter, the range of 
measurable voltages might 
be between 0 and 5 volts, 
with the binary outputs 
being 00000000 up to 
11111111. Computers and 
other digital devices use A/D 



Fig. 8. Schematic diagram of the filter contra/ switch. 
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converters to measure un¬ 
known voltages. 

The National Semicon¬ 
ductor ADC0804 8-bit A/D 
converter was chosen be¬ 
cause it is easy to use, readi¬ 
ly available, and inexpen¬ 
sive. It is used in a free-run¬ 
ning mode, so that conver¬ 
sions are done one right af¬ 
ter the other. A potentiom¬ 
eter is used to provide the 
voltage input, and the A/D 
converter provides an 8-bit 
straight-binary output, as 
shown in Fig. 7. 

This circuit provides an 
8-bit output that goes from 
00000000 up to 11111111, 
from one side of the pot to 
the other. The function is 
the same as that of a 
256-position binary-coded ro¬ 
tary switch. Not bad for 
about $4.00. Since only five 
bits are needed, the most- 
significant five bits, D7-D3, 
are used. The other three 
bits, D2-D0, are not used. 
This arrangement provides 
for 32 binary codes, linearly 
spaced across the range 
of the potentiometer The 
ADC0804 chip has a fairly 
low input impedance, so 
a low-value potentiometer 
must be used to provide the 
unknown voltage that is to 
be converted into a binary 
code. 

A rotary switch with four 
positions and three poles is 
used to route the input au¬ 
dio signal to the correct in¬ 
puts for the four filter ac¬ 
tions. This is shown in Fig. 8. 

A complete filter circuit is 
shown in Fig. 9. You can cas¬ 
cade as many of these 
stages as you want to and 
put them together in various 
combinations. For example, 
you might have two filters in 
series. Both could be set up 
for low-pass operation, pro¬ 
viding a fourth-order low- 
pass filter. Or you could set 
one for low-pass operation 
and the other for notch op¬ 
eration. Of course, the au¬ 
dio output amplifier is only 
needed at the end of the fil¬ 
ter chain. 

Using the Filter 

There are many uses for a 











Addresses of 
SCF Manufacturers 

National Semiconductor 
Corporation 

2900 Semiconductor Drive 
Santa Clara CA 95051 
Motorola Semiconductor 
3501 Ed Bluestein Blvd. 
Austin TX 78721 
EG & G Reticon 
345 Potrero Avenue 
Sunnyvale CA 94086 
The R5620 and other inter¬ 
esting devices are avail¬ 
able from: 

Applied invention 
Rte. 21, Box 390 
Hillsdale NY 12529 


versatile filter, particularly 
since all of the basic filter 
operations are available on 
one chip. Since the cutoff 
frequency and the Q can be 
varied, this type of filter is 
useful for SSB, CW, and 
RTTY operations. 

For example, if you are 
using a Bell-202-compatible 


modem, you'll be using 
tones of 1200 and 2200 Hz. 
You can build a switched- 
capacitor filter for each 
frequency, deriving the 
clock signal from one com¬ 
mon crystal. The frequency 
would be 1200 X 2200, 
or 2.640 MHz. Since the fil¬ 
ter's clock frequency must 
be 100 times the center fre¬ 
quency of the signal being 
filtered, dividing the 2.640- 
MHz clock by 22 and by 
12 gives the proper clock 
signals for the two filters: 
120 kHz and 220 kHz, re¬ 
spectively. 

In this application, band¬ 
pass filters would be used 
and the cutoff frequency 
controls would be preset. 
The Q of both filters could 
be set in parallel by a single 
control or each could be set 
separately. 

A filter-and-monostable 
RTTY demodulator is de¬ 
scribed in the 1982 edition 
of The Radio Amateur's 
Handbook,' 3 and several 


SCF circuits could be used in 
place of the op-amp-based 
active filters. Using SCF cir¬ 
cuits allows the filter char¬ 
acteristics and frequencies 
to be easily changed. 

Switched-capacitor filters 
provide an alternative to 
op-amp-based filters in 
many ham-radio applica¬ 
tions. They are not much 
more expensive than the 
classic circuits, particularly 
when you consider their 
flexibility and the ease of 
designing circuits around 
them. I think you'll see more 
amateurs using SCF chips 
and coming up with new ap¬ 
plications for them.B 
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ATV TRANSMITTER/CONVERTER 

NEED IN ONE BOX 
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70 cm frequency 2 freq option add $26 
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heard thru the TV speaker 

RECEIVE ON YOUR STANDARD TVSET tuned to channel 3 or 4 
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repeater freq. over the whole 420-450 mHz 70 cm amateur band 
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Your Own 

Optoelectronic Anemometer 

Light control and car-top calibration make this project 
cheap to build , easy to align , and extraordinarily accurate. 


Charles t. He/s/er K.IVDB 
115 Dixie Drive 
Red Lion PA 17556 


I n my January, 1983, 73 ar¬ 
ticle, the question was, 
"Can you really see which 
way the wind is blowing with 
optoelectronics?" Now, I 
ask, can you really see how 
fast the wind is blowing? 


The answer to both ques¬ 
tions is, of course, yes. We 
will use the GE H13A1/H21A1 
interrupter module to tell us 
wind velocity—how fast the 
wind is blowing. 

Perhaps I should reiter¬ 
ate at this time that the GE 
number for the H13A1 in¬ 
terrupter module has been 
changed from H13A1 to 



Photo A. Anemometer head with weather cover removed. 
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H21A1. The modules are in¬ 
terchangeable. So from 
here on, I will refer to it as 
the H21A1. 

General Circuit Description 

This circuit uses very few 
electronic components. A 
good portion of the work in¬ 
volved in building the ane¬ 
mometer head is the me¬ 
chanical end of it. But more 


about that later. The elec¬ 
tronic components consist 
of an H21A1 and a 2N3904 
transistor line driver up in 
the head of the anemome¬ 
ter. Down in the shack there 
is an LED that blinks when 
the wind is blowing (I am 
not quite sure why I put 
that in there—I guess I just 
like whistles, lights, and 
bells) There are twelve in- 



Photo B. Anemometer head with cups removed showing 
top bearing seal and side mounting surface. 




5 .17 7.2 54 

10 .33 14.3 107 

15 .50 21.5 161 

20 .67 28.7 215 


30 1.0 43.0 322 

High Scale 

15 .17 21.5 161 

30 .33 43.0 322 

45 .50 64.5 484 

60 .67 86.0 645 

75 .83 107.5 806 

90 1.0 129.0 967 


Table 1. Speed conversion 
chart. 


verter gates in the two DIP 
packages, a few resistors 
and capacitors, a 3.6-volt 
power supply, and a 1-milli- 
amp meter. Perhaps I 
should mention at this time 
that the meter and your cal¬ 
ibration are the only two 
things that would limit the 
accuracy of the electronic 
circuit. The electronics are 
extremely linear, so it is im¬ 
portant that you use a good 
meter, one with which you 
can redo the scale as we 
did —it's not hard. More on 
that later, too. 

The MC789P or ECG9989 
RTL inverters are part of an 
old family of ICs, but they 
are still readily available at 
an inexpensive $3.00 price. 
The most important reason 
we like this circuit is that it 
works without a hitch. 

The trend toward digital 
readouts is usually an im¬ 
provement over the old an¬ 
alog meter, but there are al¬ 
ways exceptions to the rule 
and, in my opinion, wind 
speed is one of them. Un¬ 
less, of course, you need a 
digital number to be used in 
an automated calculation, 
the old analog readout is a 
more comprehensive repre¬ 
sentation of what the wind 
is doing 

About the Circuit 

From the schematic and 
the test-point waveforms in 
Fig, 2, the theory of the cir¬ 
cuit will become apparent. 
A three-wire shielded cable 
is required to connect the 



Fig. 1. Velocity meter circuit. All resistors 'A W except as noted. All capacitors uF. Look on 
top of H13A1/H21A1 for correct pinout 


anemometer head, up on 
the tower, to the readout in 
the shack. From there on it's 
just ones and zeros. Well, 
almost. The first entire 1C 
package (6 gates) is used for 
shaping and compensating 
the input pulses. The sec¬ 
ond chip uses an RC net¬ 
work to generate a low for 
the exact period of time it 
takes to make the meter 
read correctly 
Switching-in the .47 pF 
capacitor affords you a full 
scale of 30 mph (a good 
scale for normal operation); 
during a storm, flipping the 
switch will give you 90 mph 
full scale The 2000-pF ca¬ 
pacitor across the output 
tailors the meter to a nice. 





Fig. 2. Pulse trace. Waveforms taken with 43 Hz in, 2-ms 
sweep. 
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Photo C. A view of the bottom of the top bearing and the 
gasket that will seal the weather cover. 


smooth, responsive move¬ 
ment The 3.6-volt power 
supply is a snap; we used 
one of the adjustable three- 
terminal regulators from 
Radio Shack (number 
LM317T). The 150-Ohm pot 
allows ease of adjusting the 
output to 3.6 volts. 

The data in Table 1 con¬ 
cerning mph, mA, pps, and 
rpm is supplied for refer¬ 
ence only. Your anemome¬ 
ter may not perform exactly 
as mine did, but this data 
will give you a starting 
point 

If you have a signal or 
function generator with a 
1.5- to 3-volt range and you 
can adjust its frequency 
from 7 Hz to 130 Hz with 
reasonable accuracy, you 
should be able to duplicate 
these readings by substitut¬ 
ing your generator for the 
input from the anemometer 
head I have gone one step 
further and used the gener¬ 
ator to drive the H21A1 
emitter directly by remov¬ 
ing the 100-Ohm dropping 
resistor from the 3.6-V posi¬ 
tive bus and connecting the 
generator to the free end of 
the resistor and to the nega¬ 
tive bus. Of course, in this 
case, the anemometer head 
will remain connected to 
the readout board. 

As seen in the photos, the 
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electronics in the head and 
at the readout are mounted 
on PC board. Radio Shack 
#276-170. But I cannot rec¬ 
ommend this board. For my 
purposes, the board worked 
out fine mechanically. How¬ 
ever, when I wanted to sol¬ 
der to it, solder would not 
flow as I thought it should 
(even after cleaning), so ad¬ 
ditional flux was used result¬ 
ing in nice wet-looking joints 
but a lot of flux residue. The 
board was tested and 
worked fine. By the way, the 
circuit was debugged and 
tested on a push-on bread¬ 
board before assembly on 
the Radio Shack board. 

The board was then 
washed in a commercially 
available flux remover, and 
that's when my trouble 
started. After a few hours of 
"What the h— happened to 
this thing?" and "I can't be¬ 
lieve what the scope is say¬ 
ing," I finally found I had 
contamination bridges all 
over the board. I had never 
used fiber PC board before 
and never will again. I had 
used the flux and flux re¬ 
mover together lots of 
times with no trace of trou¬ 
ble, but always on glass 
board. I finally washed the 
whole thing in detergent 
and water after trying some 
other solvents to no avail. 



Photo D. The disk interrupter with its 8 holes running 
through the H211 interrupter module. 


After drying and retest¬ 
ing, I gave the solder side of 
the board a coat of clear 
Krylon™. It has been doing 
fine ever since. The moral 
to the story is to use a good 
glass epoxy board. 

There is only one other 
electronic component that 
bears mentioning, that be¬ 
ing the GE MOV #V18ZA1 
metal oxide varistor, locat¬ 
ed in the anemometer head. 
It plays no part in making 
the circuit work; its job is to 
limit the voltage on the 
3.6-V bus during a lightning 
strike or other power-line 
spike. They have proven to 
me to be very effective in 
their job of over-voltage 
spike protection. If these 
units are sized correctly for 
the job, they will conduct 
during a spike and then re¬ 
store to normal, over and 
over again. For their low 
price they sure can save 
you a bundle of trouble. So 
a word to the wise is suffi¬ 
cient: If you are not familiar 
with the MOV line, you may 
needlessly be jeopardizing 
some of those priceless 
gems in your shack. 

The Mechanics 

The model pictured in 
Photo A has 4” cups They 
are bigger than they would 
have to be for just a wind- 
velocity meter. These cups 
were fabricated from 4" 


aluminum funnels. I cut the 
snouts off the ends of the 
funnels and bent very thin 
aluminum sheet metal into 
the shape of a cone to close 
the holes. Then I secured it 
to the funnels with alumi¬ 
num pop rivets. I would 
suggest using aluminum 
soup ladles, approximately 
the tvvo-inch size, for your 
cups. The rods are Vi" 
aluminum, threaded on one 
end to secure the cups, and 
they're approximately 2.25 
times the diameter of the 
cups in length. The hub that 
mounts the rod to the shaft 
was machined from a solid 
piece of aluminum round 
stock 2" X Vt" thick. Holes 
were drilled and tapped for 
set screws to secure the 
rods and shaft. If soup la¬ 
dles were used I am sure 
some bolting or clamping 
arrangement could be de¬ 
vised to secure the ladle 
handles to the shaft This 
would eliminate the need 
for a machined hub, if the 
machine work is a problem. 

I would also recommend 
using a /," shaft instead of a 
'A " shaft. 

Photo B is a view of the 
anemometer with the cup 
assembly removed to get a 
better look at the top bear¬ 
ing seal and the side mount¬ 
ing surface. The top bearing 
seal is exactly as described 
in the previous article ex- 





cept it is epoxied to the 
shaft instead of clamped 
with a set screw The 
mounting surface would 
depend on what you are go¬ 
ing to mount it on. We 
mounted the wind-velocity 
and directions heads on a 
piece of 2” X2" box alumi¬ 
num approximately 5' long 
and bolted it to the tower. 
There will be some wind 
load so whatever you 
mount it on must be good 
and stiff. 

Photo C is a view looking 
up under the top plate to 
show that the bearings in 
this unit were pressed into 
the 'A " top plate and bot¬ 
tom plate rather than using 
bearing blocks as described 
for the wind-direction mod¬ 
el. I prefer the bearing block 
method because of ease of 
precision alignment. Also 
shown in Photo C is the cork 
gasket used for sealing the 
five-sided weather cover. 

Photo D is a look at the 
disc interrupter running 
through the H21A1 with its 
associated electronic com¬ 
ponents such as the 2N 3904 
line driver, the V18ZA1 
MOV, etc. The disk inter¬ 
rupter is nothing more than 
a 2Vj "-round by %"-thick 
aluminum disc with eight 
evenly spaced 'A " holes in 
it. It is secured to the shaft 
by a machined collar It 
also serves as the bottom 
shaft stop, which rides on 
top of the bottom bearing. 
Collars such as those pic¬ 
tured in Photo C can be pur¬ 
chased for approximately 
$100 at any machinery 
house, and the interrupter 
disc could be epoxied to it 
instead of a machined 
collar. 

The PC board is mounted 
on a piece of aluminum an¬ 
gle with insulating standoff 
washers (such as are used in 
mounting transistors to heat 
sinks). The hole in the bottom 
plate that the angle mount¬ 
ing screw goes through is 
oversized to facilitate align¬ 
ment The same method used 
in the wind-direction indica¬ 
tor for getting wires off the 
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filter- capacitor, power 
transformer, line fuse, and 
on-off switch 

Photo C is of course a 
front view of the readout 
panel. Perhaps now is as 
good a time as any to talk 
about the meter scale. As I 
mentioned before, this 
scale was hand calibrated, 
reincremented, and num¬ 
bered. For those of you who 
have never tried that sort of 
thing, let me tell you. it's 
not as hard as you might 
think. However, you must 
start with a one-milliamp 
meter that you can sepa¬ 
rate without destroying. We 
will get into calibration 
shortly. 

Take the meter apart and 
very carefully remove the 
face. You will find the big¬ 
ger and better meters are 
easier to work with. Then 
spray the face with a flat 
white spray can until all 
traces of the old markings 
are no longer visible except 
0 and full scale. When dry, 
give it a coat or two of clear 
Krylon. Now new incre¬ 
ments and numbers can be 
put back on with compara¬ 
tive ease. Use a fine felt-tip 
black indelible pen, such as 
used to mark clothing, for 
the increments. They must 
all point to the pointer 
shaft. The meter in Photo G 
has a 4" face and I used 'A " 
vinyl stick-on numbers. You 
can also use roll-on num¬ 
bers but in my opinion, they 
are harder to work with. The 
pen and the numbers can 
be purchased at any sta¬ 
tionery store. 

Calibration 

I am sorry to say I have no 
sure-fire method for you to 
follow. But I can tell you 
how I set mine, and it dupli¬ 
cates the reading of a com¬ 
mercial unit not far away. 
After looking high and low 
for a calibrated wind tunnel 
with an aperture big enough 
to get this thing in, I finally 
gave up and decided I must 
come up with some other 
method. The only way I 
could think of to calibrate 


Photo E. The circuit board that drives the readout meter. 
Note test points. 


Photo F. Rear of readout panel. 


board and down to the 
shack is used here. There 
are two male pins near the 
top of the board and one fe¬ 
male pin covered with 
shrink tubing below. Anoth¬ 
er method would be to run 
the three wires of the board 
to a barrier strip as pictured 
in Photo F, but with only 
three lugs of course. 

Photo E is the electronics 
board at the readout. Lay¬ 
out of this board is not criti¬ 
cal (Where have I heard 
that before?) The vertical 
trimpot at the right-hand 
corner is the calibration 
pot. It's the only electronic 
adjustment in the whole cir¬ 
cuit except for the power- 
supply voltage. 


Photo F is a view of the 
back of the readout panel. 
This panel as seen in Photo 
G is used for wind direction 
and velocity with some 
spare room for future gen¬ 
erator control. On the left is 
the velocity meter with the 
2000-pF capacitor across its 
terminals. Under the meter 
are the range switch and 
blinking LED. On top is the 
barrier strip on which all the 
wires terminate that go to 
the two heads up on the 
tower. Next are the elec¬ 
tronics board as pictured in 
Photo E, the 3.6-V regulator 
and adjusting pot, and the 
5-V regulator for the wind 
direction electronics Be¬ 
low are the rectifier bridge. 




Announcing 
DMM confidence 



Our figures are in. The HP 3468A DMM reliability 
numbers indicate over 50,000 hours MTBF (Mean-Time- 
Between-Failure). Order now ($750*) and have one in your 
hands in just two weeks—that’s fast delivery for this 5'/2 digit 
DMM that measures dc and ac voltage and current, and 
two- or four-wire resistance with basic 0.007% accuracy. And, 
when needed, electronic calibration (no pots to adjust) is easy. 
You can even order a battery pack ($125*) for full portability. 

Order this outstanding bench DMM today and we’ll also 
send you information on how to integrate it into your own low- 
cost measurement system. Call your local HP sales office 
listed in the telephone directory white pages. Ask for the elec¬ 
tronic instruments department. 

P HEWLETT 

3,3 L"/J PACKARD 


the meter was with my jeep. 
It has a roof carrier on top so 
it would be no problem to 
mount the anemometer 
head on it and just calibrate 
my new gadget by driving 
down the road using the 
speedometer for my 
reference. 

But how accurate is the 
speedometer? After beating 


the bush a little more, we 
found an automotive shop 
that was set up to certify 
auto speedometers for po¬ 
lice departments, and after 
telling the fellow what I 
wanted, he agreed to test 
my speedometer for a nom¬ 
inal fee. He would make no 
corrections but would give 
me a graph showing what 



Photo C. Face of readout panel. 
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my speedometer indicated 
and what the true speed 
was. Well, that sounded 
good to me. It turned out 
that my speedometer was 
flat up to 70 mph. I am told 
it is not unusual for an auto 
speedometer to be a fairly 
accurate device if the car 
has the original size tires 
and they are not worn too 
badly. 

I got everything ready, 
brought a few pieces of 
wood to help mount the 
head to the rOof carrier, and 
installed the weather seal 
cover, etc. As soon as a nice 
zero wind day came along, 
we would be ready to go. 
The day finally came, with 
my son Mike at the wheel 
and me in the back seat 
with all the goodies: a 
counter, DVM, the readout 
panel, and a 12-volt battery 
which, by the way, is how 
we powered the input of the 
3.6-volt regulator during 
our mobile test. After hit¬ 
ting the open road, calibra¬ 
tion went very well. I had al¬ 
ready established, with the 
function generator de¬ 
scribed before, that the 
electronics were sound. But 
we had some apprehension 
about the cups being non¬ 
linear at the very low end 
and the very high end. But 
even with the over-sized 
cups used in this model, lin¬ 
earity did not display itself 
as a problem. The calibra¬ 
tion pot was set at exactly 
30 miles per hour to indi¬ 
cate 1 milliamp on the me¬ 
ter (with the range switch 
set to the zero- to thirty- 
miles-per-hour position). At 
this speed, the counter indi¬ 
cated 43.0 pulses per sec¬ 
ond. With a few more tests 
and a little help from the 
calculator, we calculated 
how many pps we should 
get every five miles an hour 
from 5 mph to as fast as we 
could go. 

Surprisingly, everything 
held out very well. How¬ 
ever, we still had some 
doubts about the top end of 
the 0-90-mph range, so I 
said to Mike, "Let's make 


one more high-speed run 
and then head for home." 
Well, let me tell you every¬ 
thing was looking good. We 
came up through 30 mph, 
45 mph, and 60 mph, and I 
was thinking to myself that 
if we could only hold 75 
mph for a few miles I would 
be satisfied that we had 
made a valid test. I heard 
Mike say "uh oh," simulta¬ 
neous with what I recog¬ 
nized immediately as the 
wail of an electronic arm- 
of-the-law-type siren. 

I think the cups on top 
were still turning as that big 
dude walked over to the 
Jeep. He did not want to be¬ 
lieve that thing on top was 
not some new device de¬ 
signed to foul up his radar. 
Nor did he stop writing 
when I mentioned that 
maybe Wayne Green would 
hear about this. So, like I 
said before, I wish I could 
tell you a better way to cali¬ 
brate this thing. 

The test data in Table 1 
was obtained from the 
aforementioned test, so it 
was possible now to go 
back to the bench and use 
the function generator to 
reincrement the meter. 

If you don't have a gener¬ 
ator, you can mark the face 
of the meter at the 5- 10-, 
15-, 20-, 25-, and 30-mph 
points with a pencil while 
you are doing your calibra¬ 
tion run and then ink them 
in later. 

After reincrementing and 
numbering the face, it was 
given an additional coat of 
clear Krylon, reassembled, 
and retested. The whole 
system has worked fine 
ever since. 

May I take this opportu¬ 
nity to thank my wife, Ann, 
for her help and support 
while getting this article to¬ 
gether. And, of course, my 
son Mike who got the 
ticket. ■ 
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loe A tlliott KOWVN 
Flesher Corporation 
HO Box 976 
Topeka KS 666 01 


Rampant RTTY 

Create the ultimate mailbox! KOWVN describes a system that 
operates from 45 to 1200 baud with dual shifts—automatically! 


A ROM-116 RTTY mail¬ 
box system is a good 
tool for local amateurs to 
keep in touch with each 
other on VHF and UHF fre¬ 
quencies. It can also be used 
in disaster-type operations 
as temporary storage for 
messages. 

I witnessed a great need 
for this sort of system when I 
happened to be listening to 
a bunch of VHF phone traf¬ 
fic after a small tornado hit 
a portion of Topeka. There 


was so much delay caused 
by hand copying and repeat¬ 
ing of information that I felt 
sorry for the operators. A 
RTTY mailbox system would 
have been the answer to 
their communication prob¬ 
lem; just a plain RTTY sys¬ 
tem with a printer would 
have done the trick. 

Later, after the operation 
was completed, the local 
club did invest in RTTY com¬ 
munications for both the 
mobile unit and the base 


station. I am sure that the 
system will speed up this 
sort of traffic handling and 
improve accuracy. When 
the traffic is coming in from 
all directions, it is nice for a 
RTTY system to remember 
what was said and be able to 
print it out when you want it. 

Flesher Corporation is 
now the sole distributor of 
the ROM-116 and is now re¬ 
sponsible for its future. This 
interface has proven to be 
one of the most dependable 


systems ever made to inter¬ 
face with the Radio Shack 
TRS-80 (Models 1,111, and 4). 
The author of the ROM-116 
software, Craig Larsen 
WA7HTN, and his partner, 
Gary Martin W7XT, spent a 
great deal of time creating a 
system that would satisfy 
even the most picky oper¬ 
ator (such as myself). 

Crown Microproducts (lo¬ 
cated in Marysville WA) was 
made up of these two dedi¬ 
cated hams, and between 
the two of them, they creat¬ 
ed their primary product 
the ROM-116. I know that 
Craig had spent a great deal 
of time on the standard op¬ 
erating software and was in 
no mood to tackle another 
project. His time spent 
creating the software prob¬ 
ably did not return him fifty 
cents an hour, which sours 
many a programmer from 
creating hobby software to 
begin with. 

After so many hours of 
Craig's time in writing the 
standard RTTY/CW soft¬ 
ware, it was a struggle for 
the ROM-116 users to talk 
him into writing another 



Fig. 1. The circuit and the relay connections. Caution: Do not use the TU-1200's 12-V-dc 
power supply to supply the circuit or the relay. The TU-1200 will not handle any supply 
drain outside of the unit. 
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software creation. It takes 
time, patience, total con¬ 
centration, and determina¬ 
tion. You can imagine; both 
of these fellas already had a 
full-time job, and total con¬ 
centration can be hard to 
achieve in a family atmo¬ 
sphere. 

After several prototype 
mailbox programs, Craig fi¬ 
nally settled on version 1.4.2 
MBO for the Model I and 
3.4.2 MBO for Models III 
and 4. I will briefly touch on 
a couple of features that the 
ROM-116 has to offer, at 
least the ones we will be 
working with on the addi¬ 
tional circuitry. 

The ROM-116 mailbox- 
system communications- 
rate feature is like none 
other I have seen. It has abil¬ 
ity to receive a remote com¬ 
mand over the airways to 
change the baud rate from 
45.5 to 1200 baud. This is 
one of the few (if not the on¬ 
ly) systems that has the abili¬ 
ty to run at this fast of a 
baud rate and still maintain 
a split-screen format The 
control operator has to ini¬ 
tialize a baud rate agreeable 
to everyone on the system, 
and this initialized baud rate 
will set a default. If a mail¬ 
box user accidentally sets a 
speed that he is unable to 
communicate with, the sys¬ 
tem will delay and default 
back to the speed set by the 
control operator. This is 
only one of many fine fea¬ 
tures the system has to offer, 
and it would take another 
article just to explain the re¬ 
maining features of the 
ROM-116 mailbox software. 

I had a problem with the 
hams in this area when I 
tried a system that had to 
have an "open command" 
before you could ask the 
system for your mail (which 
was another command on 
top of that). After you start¬ 
ed the mailbox system send¬ 
ing your mail, you had to re¬ 
main in the shack to give it 
an "exit command." The 
users of this mailbox system 
started dying off, discour¬ 
aged with the procedure re¬ 
quired in order to get the 


mail. Most of the users 
wanted a system that would 
allow them to go into the 
shack, give a read command 
for their mailbox, and walk 
off—having the messages 
print out without having to 
wait to close the mailbox. 

The ROM-116 mailbox 
software was the answer to 
this problem, and everyone 
was happy with the elimina¬ 
tion of a lot of "Howdy," 
"Exit," and all that sort of 
chit-chat from the computer 
on the other end. This is 
called user friendly accord¬ 
ing to some, but our group 
calls it time-consuming non¬ 
sense. For some reason, there 
is a large number of oper¬ 
ators that like mailbox soft¬ 
ware programs that talk a lot 
to the users of the system. 
Our group here could care 
less about chatting to the 
computer; it seems to insult 
their intelligence. 

It is not the purpose of the 
system to carry on a conver¬ 
sation with a computer con¬ 
trolling the mailbox system. 

Our system was very sim¬ 
ple-nothing fancy or ex¬ 
pensive to maintain. The rig 
consisted of an old 19505- 
vintage General Electric 
VHF transceiver that had a 
Flesher Corporation HF-144 
on the receiver to give us 
about a 30-dB gain for those 
weak signals. It could trans¬ 
mit 50 Watts all day long. 
This rig had held my house 
down during high winds for 
many years, and it took the 
better part of our backs to 
remove it from my shack. 
After we healed from the 
hauling of the transceiver, 
we acquired a Radio Shack 
TRS-80 Model I with 48K of 
memory (and one disk drive 
from Andy Anderson K0NL). 
A single-density disk will not 
hold very much data for a 
mailbox system, so I pur¬ 
chased a double-density 
controller board and in¬ 
stalled it into the expansion 
interface of the TRS-80. I 
had three ROM-116 inter¬ 
faces (for some unknown 
reason) and I donated one 
for this interesting project, 
along with the antenna. 


Jerry Flesher K0TNC donat¬ 
ed the location and a 
TU-170A. It was all inter¬ 
faced together, and the final 
tuning was done by Gene 
Codsey K0BXJ. 

Well, everything seemed 
to be running smoothly. The 
ROM-116 and the Flesher 
TU-170A ran flawlessly for 
over a year. Then, Flesher 
Corporation came out with 
the TU-1200 terminal unit, 
capable of running at any 
rate from 45.5 to 1200 baud. 
Here is a terminal unit that 
would do both Baudot and 
ASCII and could be run at 
the full output rate of the 
ROM-116 system. Up until 
this point we had been lim¬ 
ited to the 300-baud maxi¬ 
mum of the TU-170A. 

The TU-1200 is a 1000-Hz- 
shift terminal unit using 
1200-Hz and 2200-Hz tones 
(Bell 202 compatible). The 
TU-170A had been running 
170-Hz-shift (2125-Hz and 
2295-Hz) tones 

Okay, we could now get 
our speed up, but there was 
one minor problem of what 
to do about the people still 
wanting to use the 170-Hz 
shift I wanted to have both 
on the same system. It was 
hardly worth two identical 
systems just for faster baud 
rates. 

So, the problem was to 
find a way of using both the 
TU-170A and the TU-1200 
on the same system without 
sacrificing anything we al¬ 
ready had. After trying sev¬ 
eral circuits, a workable so¬ 
lution to the problem was 
found. By detecting the 
space signal (2295 Hz) from 
the scope output of the TU- 
170A, we were able to make 
the system work perfectly 
normally for either terminal 
unit. 

As shown in Fig. 1, the 
space scope output of the 
TU-170A is fed into the cir¬ 
cuit through Cl and D1 to 
pin 4 on U1. A threshold pot 
(PI) is used to set the sen¬ 
sitivity of the input Time¬ 
out delay is set with the 
combination of R4 and C3, 
and with the values shown, 
the delay will be about 15 
73 


seconds. When a space sig¬ 
nal is detected from the- TU- 
170A, U1 will trigger Q1 and 
then pull in the relay, con¬ 
necting all the necessaiy I/O 
to the TU-170A. When the 
circuit remains inactive for 
the set time (determined by 
R4 and C3), the relay will 
then release and reconnect 
the I/O to the TU-1200 The 
TU-170A SEND-N (pin 9) 
connects to the cm uit 
board at pin 9 of U1 and 
also connects to one of tf«| 
relay contacts (norma. $ 
open) of the relay. When the 
170-Hz shift is detected anti 
the relay is pulled in, the 
PTT of the ROM 116 will 
keep the input at U1 pin 6 
constant and prevent the 
circuit timer from timing out 
and dropping the relay dur¬ 
ing transmission. 

A 12-V-dc DPDT relay 
with 5-Amp contacts is in¬ 
stalled inside the ROM-116 
and is used to make contact 
with external PTT require' 
ments. The relay will key a 
common to the TUs and to 
the transmitter PTT input 
This was a must on our set¬ 
up since the PTT relay msidt 
of the transmitter is (low¬ 
ered with about 30 volts at, 
and solid-state devices do 
not mix with ac too well 
Some VHF and UHF rigs 
may pull a lot of current on 
the PTT inputs; the relay 
would be the answer to this 
situation, too. 

Adjusting the threshold 
potentiometer (PI) of th de- 
tector circuit can be done 
by connecting a 22>*>*H/. 
tone oscillator to the audio 
input of the TU-170A and 
adjusting PI so that the 
2200-Hz tone will not acti¬ 
vate the relay. Touching up 
on this adjustment may be 
required in actual operation 
at a later time. Power I. the 
circuit and the relay i . . bt 
obtained from the TU-17uA s 
power supply. I built th . tr- 
cuit up on a piece of 1 itby 
perfboard which can be 
bought at Radio Shatk 
(along with most of the 
other components) 

The TU-1200 is notju a tor 
the group that has 1200- 
Magazine • November, 19b4 51 




baud capability, it is for any- both the mailbox system 
one that wants to use the and my system. So, by the 
system from 45 5 baud to time my transmitter drops 
1200 baud. If anyone wishes out and is ready to receive, I 
to access the mailbox sys- may have missed part of a 
tern with a 170-Hz terminal word. However, I do not see 
unit, it is no problem at all. that this is a big problem. A 
Using 1200 baud sounds like change can be made to al- 
a buzz saw to those not fa- low for the delay in the me- 
miliar with the sound, and it chanical relays in the soft- 
is impossible to read as it is ware. 

being displayed on the We all got the word about 
screen. I can now get a long the FCC not requiring CW 
picture or bulletin from the identification every ten min- 
system, save it to memory, utes while on RTTY. Now all 
and print it out later, or save we have to do is give iden- 
it to disk. What used to take tification in RTTY. Well, the 
forever (receiving text at 60 following will tell you what 
wpm (45.5 baud}), now takes to change in order to do this 
only a matter of seconds. with your ROM-116 mailbox 
This circuit seems to be system 
very quick when switching, The TRS-80 Models III 
so nothing seems to be cut and 4 can use the patch utili- 
out The ROM-116 RTTY op- ty to make the following 
erating software has a did- changes. The Model I will 
die feature that can be set to have to use a utility such as 
however many diddles you NEWDOS's SUPERZAP. The 
desire I set mine for 10 did- changes are as follows: 
dies, and this seems to do Model I, Ver 1.4.2 MBO 
fine for even the 1200-baud Address: 6D61H 
operation. There is a delay Find: D5 3A A0 83 21 

due to the PTT circuit in Change to: D5 C3 88 6D 21 


Models III and 4, Ver 3.4.2. PATCH MBORTTY.CMD: 

MBO 0 (ADD = 57A7,FIND = 

Address: 6DA9H 0A.CHC = B6) 

Find: 3A F5 83 Model I, 1.4.2 MBO: Ad- 

Change to: C3 CF 6D dresses 57CF, 635D, 6379, 

The exact patch format is: 63B4, 63ED, 6418, 6454, 

PATCH MBORTTY/CMD:0 64AA, and 64F4; Find 4E; 

(ADD = 6DA9,FIND= Change to B6. 

3AF583.CHG =C3CF6D) Models III and 4, 3.4.2 

While this fixes the pro- MBO: Addresses 5799, 

gram so it will not send the 63A4, 63C0, 63FB, 6434, 

CW identification, it also 645F, 649B, 64F1, and 653B; 

eliminates the only ID it has. Find 4E; Change to B6. 

So, the following patches After these changes are 
will identify in RTTY what- made, whatever you decide 
ever you have stored in buff- to enter into buffer 6 to be 
er 6, such as "DE K0WVN printed as an identification, 

MAILBOX SYSTEM TOPE- be sure to add a carriage re- 

KA." Here are the necessary turn before entering any- 

patches: thing else in the buffer. 

Model I, Ver 1.4.2 MBO This should give you a 

Address: 57DBH super sytem, one that will 

Find: 0A 00 C9 D7 0A operate trouble-free for a 

0A long time to come. Those of 

Change to: 0A 00 C9 D7 0A you using a different termi- 

B6 nal unit can probably inter- 

Models III and 4, Ver 3.4.2. face it in the same manner 

MBO as the TU-170A with the 

Address: 57A4H TU-1200, In any case, I hope 

Find: C9 D7 0A 0A 00 you have fun using the sys- 

Change to: C9 D7 0A B6 00 tern and the faster baud 

The exact patch format is: rates.® 



OWENSMOUTH AVENUE, SUITE 463C 
CANOGA PARK, CALIF. 91303 
TELEPHONE- (818) 341 5460 


VOICE OPERATED SQUELCH 


her you are lust starting out. or wa 
proficiency, Morsecode Master is 


New Horizons Software 
P.0. Box 180253 
Austin, Texas 78718 


New Horizons 

Expanding Your Life 
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> Fits inside most HF-SSB transceivers. 

• Requires human voice to activate. 

• Ignores static, noise and hetrodynes. 

• On/off switch only—no adjustments! 

• Connects to audio leads and 9/12 VDC 

• Fully assembled and tested $99.9b. 

■ Complete with comprehensive manual. 

• Used worldwide in commercial and military 
transceivers. 

=§0^fl(§ COMMUNICATIONS, 5479 Jetport, Tampa, f 




















Todd Enders WD0BCI 
PO Box 449 
Minot ND 58702 


Decode Soviet Space Messages 

As you read this, mysterious signals are being beamed 
into your shack. What do they mean? Where are 
they coming from? Use WDQBCl's satellite- 
telemetry reading program to uncover the facts. 


Y ou hear it on the high end 
of 10 meters whenever 
the RS satellites pass over: 
RS5 K00 D00 000 COO U00 
WOO— the heartbeat of the 
satellite, the telemetry 
beacon. It provides a con¬ 
stant stream of data about 
the health of the spacecraft, 
but what does it all mean? Is 
there a way to figure it out? 
Take heart, because I am 
about to describe what the 
telemetry means, the hard 
way to decode it, and a 
much simpler way to de¬ 
code it using a computer 
(you do have a computer, 
don't you?). 

The telemetry provided 
by the RS series of satellites 
contains a wealth of infor¬ 
mation about the operating 
parameters of the space¬ 
craft. It will tell you every¬ 
thing from the power output 
of the transponder to the 
ambient temperature. This 
information gives you an 
overall view of the health of 
the system. It can also tell 
you such things as how 
much time the satellite is 
spending in sunlight, or the 
moment when the satellite 
passes into or out of Earth's 
shadow. 

So why bother to take an 


interest in this data? For one 
thing, the telemetry tells 
you if the transponder is 


turned on. You can't make 
contacts through the bird if 
it's not listening. Also, you 


can tell when the satellite is 
on the decline and about to 
fail. Besides, it can become 


Frame 

()/E 


I/S 


A/U 


M/W 


Chan. Parameter 


Unit of Decoding 

measure formula 


K Output power of transponder mW 

D Voltage of power source V 

O Load current mA 

G Telemetry test — 

U Hermetically-sealed container 

pressure — 

S Temp, of stabilizing unit °C 

W Temp, of transmitter radiator °C 

K Output power of transponder mW 

D Zero-setting of telemetry mV meter — 

O Output power of beacon mW 

G Repeater sensitivity control dB 

U S-meter for 1st service receiver S 

S S-meter for robot receiver S 

W S-meter for 2nd service receiver S 

K Output power of transponder mW 

D 9-V voltage at transponder V 

O 7.5-V voltage at transponder V 

G 9-V voltage at 1st stabilizer V 

U 7.5-V voltage at 1st stabilizer V 

S 9-V voltage at 2nd stabilizer V 

W 7.5-V voltage at 2nd stabilizer V 

K Output power of transponder mW 

D Filling-out of robot log QSO 

O Power of turned-on heaters W 

G Power of robot transmitter mW 

U Power of service-channel transmitter mW 

S Sensitivity control for robot 

transmitter dB 

W Sensitivity control for service-channel 

transmitter dB 


(N*)/5 
0.2 N 

20 (100 -N) 
None 

None 

N 

N 

(N ! )/5 

N 

(N ! )/5 

N 

0.1 (N — 10) 
0.1 (N— 10) 
0.1 (N — 10) 
(N 2 )/5 
0.1 N 
0.1 N 
0.1 N 
0.1 N 
0.1 N 
0.1 N 
(N 2 )/5 
N + 1 
0.1 N 
20N 
20N 


Note: The first frame identifier indicates normal operation. The second frame identifier indi¬ 
cates that the satellite is being serviced. 


Table 1. Formulas used to decode telemetry of RS-series satellites. 
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an interesting diversion 
from the ordinary operation 
through the satellite. 

OK, so there's some inter¬ 
esting information there, but 
how do you get it from K00 
D00. . . ? Each character 
specifies a channel of telem¬ 
etry. A channel is a single 
parameter such as the pow¬ 
er output of the transponder. 
The telemetry channels 
are grouped into sets of sev¬ 
en which are known as 
frames. The frames are sent 
sequentially, and there are 
four possible frames in a full 
set of telemetry data. From 
one to four frames may be 
sent by the satellite, depend¬ 
ing on how the ground-con¬ 
trol stations have config¬ 
ured the satellite for the 
day's passes. Frame identifi¬ 
ers also change if the space¬ 
craft is in service mode, 
when the satellite is being 
commanded by ground con¬ 
trol, or if the transponder is 
switched off to give the bird 
a rest. 

Now that you know how 
the telemetry is sent, how do 
you go about decoding it? 
There are two ways —manu¬ 
ally and by computer. Manu¬ 
ally decoding the telemetry 
has one advantage —it's 
cheap. If you want to decode 
it in this fashion, Table 1 pro¬ 
vides you with the necessary 
formulas to do it yourself. 

Decoding telemetry by 
hand is a relatively easy exer¬ 
cise, but it's kind of boring. 
Face it, you probably have 
better things to do than fig¬ 
ure out values from equa¬ 
tions. It's really kind of dry. 
Well, thanks to technology, 
you don't have to slave over 
those formulas. The comput¬ 
er revolution has set you 
free. If you have a program¬ 
mable calculator, you can 
program the formulas into it 
and ease the pain somewhat. 
Of course, you still have to 
look at the tables to assign 
some meaning to the num¬ 
bers you get from the formu¬ 
la. But if you have a comput¬ 
er, it can do the work for you 
and even label the results. 

Listing 1 shows a program 


Listing 1. Program to analyze and display RS-series telemetry. 



£80 LOCATE 8,14:INPUT SiLOCATE 9,14:INPUT UiLOCATE 18,14:INPUT S 
£90 LOCATE 11, 14s INPUT W 






that accepts telemetry data the corresponding values, dump the contents of the 
and converts it to human- all nicely labeled, on the display to the printer. If you 
readable form. It is written in screen for your examination, are adapting this software to 
Basic for the IBM Personal This can be repeated for as another system, it is a simple 
Computer but can be read- many frames of telemetry as matter to write the neces- 
ily converted to run on other desired. sary routines to provide 

machines by anyone who is After studying the pro- hard copy, or to replace ap- 
familiar with Basic. gram, you might wonder propriate PRINT statements 

The program prompts why I didn't include any rou- with LPRINT (or whatever 
you for the frame identifier tines to provide hard copy your particular system re- 
of the telemetry data, and of the results of the teleme- quires), 
then for the numbers follow- try decoding. The simple Now that you can under¬ 
ing the channel identifier, fact is that on the IBM PC, stand this data, what can 
The computer will calculate these routines are not need- you do with it? For starters, 
the values for each of the te- ed since there is a key on the try graphing load current on 
lemetry channels and print machine that allows you to a pass-by-pass basis for sev- 
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660 IK—K 2/5: ID=D: 10=0 2/5: i G=G: ! U=. I * (U- 1 0> : I S=. 1 » <3- t 0) : I W=. 1* iW- 10l 
690 • 



740 CLS:LOCATE 1,£0:PR I NT"Channe1 (I>/(8) telemetry parameters:" 

750 LOCATE* 5, 1 0 : PR INT"Out put power of t ransponder :": LOCATE 5,50:PRINT IK:" mU" 
760 LOCATE 6, 10:PR INI"Zero setting of telemetry mV raster:*«LOCATE 6, 50:PRINT ID 
770 LOCATE 7, 10:PRINT"Out put power of beacon:":LOCATE 7,50:PRINT 10:" mW" 

760 LOCATE 6, 10:PRINT"Reoeater sensitivity control:":L0CATE 8,50:PRINT IS:" dB" 
790 LOCATE 9, 10:PR I NT"S-meter for 1st service receiver:" 

800 LOCATE 9.50:PRINT" S- ":iU 

810 LOCATE 10, 10:PRINT"S-meter for ROBOT receiver:' :LOCATE 10,50:PRINT“ S- ":IS 
820 LOCATE 11,10:PRINT"S-meter for 2nd service receiver:' 

830 LOCATE 11,50:PRINT" S- ":IW 

840 LOCATE 24, 10:PR I NT"press any key to centinue": :A*=INKEY*:IF A*="" GOTO 840 
830 GOTO 130 
870 ’ 



eral passes. Look for a long¬ 
term trend. I have suggested 
this exercise because load 
current varies with such 
things as transponder load 
and the input power of each 
user into the satellite. It is 
probably the most variable 
of the telemetry data and 
usually shows changes more 
readily than any of the other 
parameters. 

Voltage at the power 
source is also an Interesting 
parameter to watch. It can 
indicate a satellite-damag¬ 
ing condition such as bat¬ 
tery overcharge (usually 
fatal if prolonged or exces¬ 
sive). If the voltage suddenly 
changes, it is a good bet that 
the satellite has passed from 
daylight into darkness or 
vice versa. Most of the pa¬ 
rameters are worth watch¬ 
ing for long-term changes 
(monthly, seasonal, etc) It 
can grow into an interesting 
pastime, much like keeping 
weather records. You can 
also pass the data along to 
AMSAT They are always 
looking for telemetry infor¬ 
mation from amateur satel¬ 
lites 

Now that you are able to 
decode RS telemetry, try lis¬ 
tening to the satellites on 
29.500 and 29.450 MHz CW. 
You can do with it what you 
want, but in any case, have 
fun with the program and 
the data that you can obtain 
from it. You might even get 
more out of playing with the 
telemetry data than working 
people through the satel¬ 
lite! ■ 


Hi Pr 

Q LB-VHF-UHF Repeaters 
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Fred R Cook wbslbi the Gulf of Mexico. If care is 

20J Spencer Drive not exercised initially, mois- 

Laiayette la 70506 ture and improperly sol¬ 

dered coaxial rf connections 
can yield undesirable opera- 
s supervisor of automa- tion of your antenna system, 
tion and communica¬ 
tions systems on offshore oil Cable Preparation 
platforms, I have learned Proper soldering of the 
that the following methods RG-8 shield to the barrel of a 
and materials produce long- PL-259 coax connector can 
lasting results even in salt- be accomplished by tinning 
spray conditions on motor the braid as shown in Photo 
vessels and oil platforms in A. Tin the circumference of 


the braid in an area that will Place the knurled connec- 
be under the solder holes in tor nut over the coax with 

the connector. Tinning must the threaded portion facing 

extend well forward of the toward the prepared end 

solder holes to allow knife Apply a small amount of sili- 

cutoff of braid and center cone grease or petroleum 

insulation as shown in Photo jelly to the black outer insu- 

B. Cutting through the sol- lation and thread the con- 

dered portion of the braid nector onto the coax Make 

requires a sharp knife and sure the tinned area is in full 

considerable pressure. Work view in all four holes of the 

around the cable using a connector and that the cen- 

rocking motion of the knife ter conductor is in view for 

blade rather than slicing. soldering. 


The End of the Line 


What's the point in sending power up the coax if it never 
reaches the antenna? These tips on connector installation 
and care will help maximize your station's signal. 




Photo C. Soldered connector with all holes filled. Use plenty 
of heat. 


Photo D. Apply rubber tape with tension to conform to the ir¬ 
regular shape of connector. 


Solder the Connector 

Soldering must be done 
with enough heat to se¬ 
curely bond the coax shield 
to the connector. At least a 
100-Watt soldering iron or 
gun is required to apply the 
necessary heat. Inadequate 
heat is responsible for most 
coax-connector problems. 

Apply heat and then sol¬ 
der to each hole of the con¬ 
nector. Go from hole to hole 
around the connector with 
heat and solder. When the 
connector has absorbed 
enough heat, solder will 
freely flow into the holes 
and bond with the shield. It 
may take two or three 
passes in quick succession 
to achieve this. Next, solder 
the center conductor and al¬ 
low to cool. The finished sol¬ 
der joints should be smooth 
and shiny —no solder beads 
or dull rough areas. See 
Photo C. 

Now that your connec¬ 
tors are properly soldered, a 
check must be made to en¬ 
sure that no shorts between 
the center conductor and 
shield have been created. A 
volt/ohmmeter, set on the 


lOk-Ohm range or higher 
and connected between 
center pin and body of the 
connector, should indicate 
infinite resistance if all is 
okay. 

Protection Is a Must 

Rf connectors used outside 
and exposed to the weather 
must be waterproofed to 
eliminate corrosion. Corrod¬ 
ed connectors contribute to 
elevated swr and can radi¬ 
ate rf-causing TVI. A simple 
layer or two of vinyl electri¬ 
cal tape will not provide the 
necessary weather protec¬ 
tion! The following method 
is used by radio technicians 
installing antenna systems 
in the Gulf of Mexico and 
can easily be applied by am¬ 
ateurs. I have used this 
method for eight years with 
no corrosion problems 

3-M Scotch® product num¬ 
bers will be referred to, but 
other manufacturers' prod¬ 
ucts are available to yield 
the same results. 

Seal the Connector 

The plug and receptacle 
portions of the connector 
must be joined firmly to pro¬ 


vide a good electrical con¬ 
nection. The connector is 
now covered with a layer of 
Scotch No. 23 rubber splic¬ 
ing tape Remove the pro¬ 
tective backing and start 
wrapping 1/2" ahead of the 
connector on the coax. 
Stretch the tape at least 
twice its original length as 
you wrap, overlapping half 
the width of the tape, and 
continue the length of the 
connector. Be careful to fill 
voids and make the tape 
conform to the shape of the 
connector as in Photo D. 
This tape is both cohesive 
and adhesive and forms a 
solid covering. 

A layer of Scotchkote® 
electrical coating is now ap¬ 
plied liberally over the rub¬ 
ber tape for a sealer. See 
Photo E. This is a fast-drying 
liquid and imparts a water¬ 
proof seal I have also used 
this type of sealant on 
bolted rf connections on an¬ 
tennas. It will coat the bolt 
and nut to retard corrosion 
and will allow removal of 


parts later. When the coat¬ 
ing is almost tack free, start 
a layer of Scotch No 88 vinyl 
electrical tape on the coax 
just ahead of the rubber 
tape. The tape should be ap¬ 
plied firmly with a slight 
amount of stretch. Continue 
down the connector, over¬ 
lapping about half the tape 
width to the end, and then 
return in the opposite direc¬ 
tion to the beginning The 
last two wraps back at the 
beginning should be made 
with very little tension to> 
avoid tape unwrap. Finally, 
one last coat of Scotchkote 
will seal the vinyl tape from 
moisture. Your finished 
product, in the case of a line 
splice, should look like 
Photo F. 

This method should be 
used on all antenna connec¬ 
tors whether they be coaxial 
or coaxial cable terminated 
with screws and lugs Also, 
many hams provide a splice 
connection at the tower to 
allow "fold-over.” This splice 
should also be protected ■ 



Photo E. Coat rubber tape with electrical sealer. 



Photo F. Final covering of vinyl tape with outer coating of 
electrical sealer. 


73 Magazine • November, 1984 57 



A Useful Present You Can Build 

How about a high-tech holiday gift ? 


Richard A. Need WB4YOD/PW8ZAF 
Box 248 

Waxhaw NC 28173 
CP 129 

78900 Porto Velho, RO 
Brazil 

L earning new technology 
can be a painful experi¬ 
ence and breaking into digi¬ 
tal electronics on your own 
can be positively frustrating. 
That is why I decided to get 
some help in my attempt to 
update to digital electronics 
and enrolled in some classes 
at San Diego City College. 
(Yes, California does have 
more than surf and sun!) By 
the end of the first semester 
I had learned a little, so I de¬ 
cided to combine the final 
laboratory project with my 
need for a Christmas gift for 
my wife. Since wives don't 
always appreciate elec¬ 


tronic gadgets, I felt I should 
come up with something 
she would consider practi¬ 
cal without attempting 
something that would be 
too difficult 

Happily, my wife likes to 
cook. And, conveniently, 
her old-fashioned kitchen 
timer had recently failed. 
The obvious solution was to 
build her a kitchen timer 
(eminently practical) using 
digital circuitry, as required 
for the lab project. I decided 
this timer would not need to 
display seconds, nor would 
it require greater than 60 
minutes capacity. Its alarm 
should be audible for 50 feet 
in a normal house (whatever 
that is) and its display 
should be visible for 20 feet 
so it could be seen across a 
normal kitchen. Battery op¬ 
eration would be conve¬ 



nient and I decided to lay 
out the controls for a left- 
handed user since the cook 
in my house is left-handed 

Theory 

The timer is built around 
an up/down counter driving 
a seven-segment LED dis¬ 
play, as shown in Fig. 1. The 
counter is set by clocking it 
up using push-button 
switches in the control sec¬ 


tion and is clocked down by 
a one-pulse-per-minute sig¬ 
nal from the clock. The 
alarm, which is triggered by 
the counter's zero count is 
modulated by signals from 
the clock so as to reduce 
current consumption yet 
achieve the required audi¬ 
bility. The control section in¬ 
cludes an automatic power- 
disconnect circuit to pre¬ 
vent draining the batteries 



Fig. 1. Timer block diagram. 
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Fig. 2. Counter logic diagram. 






by inadvertently allowing 
the alarm to sound exces¬ 
sively. 

Circuit Description 

The counter, shown in Fig. 
2, utilizes two up/down bina¬ 
ry counters in cascade. The 
units display requires a full 
decade, so a 74LS192 is suit¬ 
able. The tens display re¬ 
quires only 0 through 6, so 
its counter is preset to zero 
by count 7 so that the timer 
cannot be set to more than 
60 minutes. Using a 
74LS193, whose count se¬ 
quence includes 0 through 
15. and wiring the preset 
gate, U4a, to force preset 
when the Q0-Q2 outputs are 
all high will cause preset on 
count 7 or count 15. The 
counter will then be forced 
to operate between 0 and 6 
as it cannot be clocked up 
beyond 6 or down beyond 0. 

U4b is wired as a preset 
gate to force the units 
counter to zero when the 
timer is being set and the 
tens counter is at 6. This es¬ 
tablishes 60 minutes, rather 
than 69, as the maximum 
timer capability. U4b is dis¬ 
abled in Timer mode when 
the Set control line goes low 
so as to allow the units 
counter to be clocked down 
normally. Otherwise the 
units counter would be 
locked at zero by the tens 
counter's 6, preventing the 
application of clock pulses 
to the tens counter, locking 
the timer at 60 

R7, R8, and R9 are pull¬ 
down resistors for the inputs 
of U4b. This was found to be 
necessary in order to pre¬ 
vent presetting on the 6 
count due to "racing." Evi¬ 
dently, between count 5 (bi¬ 
nary 0101) and count 6 (bina¬ 
ry 0110), Q 0 was not going 
low before Qi went high, so 
the preset gate interpreted 
the 6 as a 7. The pull-down 
resistors cured the problem. 

All clock lines must be 
held low when switching 
modes in order that their as¬ 
sociated NAND gates be dis¬ 
abled. This will hold the 


clock inputs to the counters 
high during mode changes, 
thus preventing spurious 
clocking when switching 
modes. 

The 74LSI 92/LSI 93 
counters are designed to be 
cascaded by connecting the 
TC output of one directly to 
the CP input of the next. 
U3b, the Mode gate, inverts 
the TCd signal before it 
reaches the CPd input of the 
tens counter, so an inverter 
must be included in the sig¬ 
nal path to restore the prop¬ 
er polarity. Without the in¬ 
verter, the count is 50, 59, 
58, etc. 

Fig. 3 shows the wave¬ 
forms of the counter in Tim¬ 
er mode with the units 
counter clocked by a sym¬ 
metrical square wave whose 
period is 1 second. The Q 
outputs of the 74LS192/LS193 
change states on the low-to- 
high clock transition. The 
TCq output goes low with 
the low portion of the clock 
pulse when all its Q outputs 
are low. In Timer mode, 
counting down, the binary 
output of the units counter 
changes to 0000 with the ris¬ 
ing edge of the 0 clock 
pulse. The falling edge of 
that pulse, 30 seconds later, 
causes the units TCq to go 
low. 30 seconds later, the 
clock pulse again goes high, 
clocking the units counter 
to its 9 count and forcing the 
TC d back to its high state. 
As the units TCd goes high, it 
clocks the tens counter. 



Digital kitchen timer in use. 


-ii-r 



_r 

TJ” 



Fig. 3. Counter waveforms. 



Fig 4. Clock-generator logic diagram. 
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Parts List 


Cl Capacitor, tantalum, 2.7 uF S .60 

C2, C4-7 Capacitor, disc, .01 uF .20 

C3 Capacitor, tantalum, 4.7 uF .70 

C8 Capacitor, tantalum, .1 uF .50 

D1 LED, red .30 

J1 16-pin DIP socket .45 

J2 2-pln socket .50 

K1 Relay, 5-V coil, Radio Shack 275-243 2.50 

PI 16-pin DIP plug 1.70 

P2 2-pln plug .50 

R1 Resistor, 10k, 1/4 W .03 

R2 Resistor, 22k, 1/4 W .03 

R3 Potentiomenter, Ik, Radio Shack 271-333 .50 

R4 Resistor, 1 M, 1/4 W .03 

R5, R7-9 Resistor, 330 Ohms, 1/4 W .03 

R6 Resistor array, 5 x 1 k, Radio Shack 

271-096 .90 

SI Switch, PB, DPDT (push-on/push-off) 2.00 

S2.S3 Switch, PB, SPDT (momentary) 1.60 


The BCD output from the square wave. When these 
counter section drives the signals are both high, the 
seven-segment display de- negative lead is held high 
coders. Besides the 74LS48 and the sounder is off. When 
decoders and the MAN-74 either signal is low, the 
displays, the display section sounder will be energized, 
also includes a single LED The result is a tone of about 
which is driven by a 1-Hz 5 kHz that is keyed at a 1-Hz 
pulse from the clock to rate and modulated at a 
serve as a Timer mode in- 10-Hz rate, 
dicator. 

The timer requires clock 
The alarm section con- signals of 1 pulse per minute 
sists of a Radio Shack piezo to drive the counter, 1 pulse 
sounder and appropriate per second the key the 
gating. The Set control line, alarm, and 10 pulses per sec- 
Q0-Q3 from the units count- ond to modulate the alarm, 
er, and Q0-Q2 from the tens These signals are produced 
counter must all be low in by a divider chain driven by 
order to enable the alarm, an astable multivibrator, as 
When enabled, U6c holds shown in Fig. 4. The multivi- 
the sounder's positive lead brator output is a nonsym- 
high. The sounder's negative metrical square wave whose 
lead is connected to a high time, t-j, is 60 ms and 
NAND gate/inverter combi- whose low time, t 2 , is 40 ms. 
nation that combines a 1-Hz The period, ti + t 2 , is 100 ms 
square wave with a 10-Hz and the frequency is thus 10 



Fig. 5. Clock waveforms. 
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U1 74LS192 .95 

U2 74LS193 .95 

U3,6, 7,13 74LS00 .38 

U4 74LS20 .38 

U5 74LS04 .38 

U8 LM556 1.50 

U9, U10 74LS90 .66 

U11 74LS92 .66 

U12 74LS02 .38 

U14.U16 74LS48 1.10 

U15, U17 Seven-segment, common cath. display 

(MAN 74) 1.60 

U18 + 5-volt regulator, LM340T-5 (7805) 1.60 

Piezo sounder. Radio Shack 273-060 3.00 

Battery holder, 4 x AA cell 1.00 

Enclosure 5.00 

Grid board, 2 pieces 2-3/4" x 3-3/4”, RadioShack276-161 3.00 
1C sockets, solder-in (optional), 18 required .45 

(Prices as of January, 1984) 


Hz. These times are deter- 74LS92 and the first 74LS90 

mined by the following rela- will be disabled by the high 

tionships: t| = 0.693 (Rj + applied to their R 0 inputs 

R 2 ) Ci; t 2 = 0.693 X R 2 X and the clock output will be 

Ci- The 10-Hz signal from held low. As mentioned pre- 

the multivibrator is used to viously, this is necessary to 

modulate the alarm as well prevent spurious clocking 

as serving as the input for when switching modes. Fig 

the divider chain. The 1-Hz 5 illustrates the clock-gener- 

signal from the divide-by-ten ator waveforms, 

stage is also applied to the 

alarm. When the Set control Power from four AA cells 
is high, in Set mode, the is applied to the circuit 



Fig 6. Power and control logic diagram. 








through normal ly-open re¬ 
lay contacts, as shown in 
Fig, 6. Placing the timer in 
Set mode applies power to 
the circuitry, providing a 
path to ground for the relay 
by energizing the monosta¬ 
ble multivibrator. The relay, 
once energized, latches 
power to the circuitry even 
though the mode switch is 
moved to Timer The posi¬ 
tive transition of the last 0 
pulse from the clock drives 
the counter to all zeros, trig¬ 
gering the alarm. 30 seconds 
later, the clock's 0 pulse 
goes low, causing the units 
TCp to go low. When the 
units TC d goes low, the tens 
TCp is driven low. The low 
TCp from the tens counter, 
which comes 30 seconds 
after the alarm sounds, trig¬ 
gers the monostable multivi¬ 
brator. This drives the multi¬ 
vibrator output high, caus¬ 
ing the relay to open, which 


provides the automatic 
shut-off feature after a 
30-second alarm period. The 
period of the multivibrator, 
determined by the resis¬ 
tor/capacitor combination, 
is not critical as long as it is 
sufficient to allow the relay 
to open. 

Push-button switches, de- 
bounced by NAND gates, 
are provided to permit set¬ 
ting the two counters indi¬ 
vidually. These are wired so 
as to hold the Set lines nor¬ 
mally low to prevent spuri¬ 
ous clocking when changing 
modes. Mode control is pro¬ 
vided by an R-S flip-flop cir¬ 
cuit controlled by contacts 
on the push-on/push-off 
mode switch. The mode- 
control signals, which are 
active high, are thus guaran¬ 
teed to be complementary. 

Construction 

The timer is constructed 


in two units so as to fit a rel¬ 
atively compact enclosure, 
as indicated by the Main 
board/Aux. board divisions 
on the schematic diagram 
(Fig. 7). The main circuit 
board, shown in Fig. 8, in¬ 
cludes the clock, the count¬ 
ers, the alarm gating, and 
the Timer indicator LED. 
The auxiliary circuit board, 
shown in Fig. 9, includes the 
control switches, the digital 
display, the piezo sounder. 


the battery pack, and the 
voltage regulator. These two 
boards are interconnected 
by means of a 16-conductor 
flat cable through J1/P1 and 
a 2-conductor cable through 
J2/P2. Though indicated to¬ 
gether on the schematic, the 
decoupling capacitors (C5, 
C6, and C7) are spread out 
along the 1C power bus. 

I housed the timer in a 
black plastic case I chanced 


«L 


Fig 8. Main circuit-board layout. 
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upon in a local surplus-elec¬ 
tronics store, which is the 
reason for the strange shape 
of the circuit boards. The 


front panel is a red Plexi¬ 
glas™ sheet through which 
the display is clearly visible. 
The controls have been ar¬ 



Fig. 10. Kitchen-timer views. 


ranged on the left side so 
that a left-handed cook can 
operate the timer without 
blocking the view of the dis¬ 
play. The completed timer is 
shown in Fig. 10. 

Conclusion 

The timer has proven to 
be quite convenient to use 
Pressing the mode switch 
latches the timer in the Set 
mode, allowing the user to 
clock the display up to the 
desired setting using the Set 


push-buttons. Setting the 
timer beyond its upper limit 
of 60 minutes returns it to 
zero, so setting errors can be 
corrected Pressing the 
mode switch a second time 
releases it and places the 
timer in the Timer mode. A 
flashing LED indicates that 
the timer is functioning in 
this mode The LED display 
is visible for a distance of 20 
feet except in very bright 
light. When the display 
reaches zero, an alarm 
sounds for 30 seconds, then 
the timer automatically 
turns off. The alarm is audi¬ 
ble for a distance of 50 feet 
through several rooms in a 
house with carpeted floors. 

Current drain from fresh 
batteries was measured as 
less than 150 mA, so battery 
operation is practical for oc¬ 
casional use. I have found it 
necessary, though, to install 
an ac adapter because my 
children like to play with 
Mom's kitchen timer — 
which suggests ideas for 
next Christmas! ■ 
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.$85.00 

7360. 

.$10.00 

3-500Z. .. 

.85.00 

7735A . 

. . 27.50 

4-400A. . . 

.80.00 

8122. 

. 110.00 

4CX250B. 

.55.00 

8156. 

. .12.50 

572B. 

.55.00 

8643. 

. 82.50 

811A. 

.12.00 

8844. 

. . .26.50 

813. 

.30.00 

8873. 

. .175.00 

6146B . . .. 

.7.00 

8874. 

. , 195.00 

6360. 

.4.25 

8877. 

. . 495.00 

6883B . . . . 

.6.75 

8908. 

. . . 12.50 


Semiconductors 


MRF 245/SD1416.$30.00 

MRF 644 . 

. $23.95 

MRF 454. 

.14.95 

SD1088 . 

... 19.95 

MRF 455. 

.10.95 

2N3055 . 

. . 95.00 



2N6084 . 

. . 12.50 


RF Connectors 


PL259.... 

.10/$4.95 

M358. 

2.50 ea. 

PL258.... 

.10/8.95 

M359. 

.1.75 ea. 

UG175/176 

.10/1.60 

Type "N” Twist 

an 

UG255/U. . 

... .2.50 ea. 

(RG8/u).$4.75 ea. 

UG273/U. . 

....2.25 ea. 

Minimum Order $25.00 






COMMUNICATIONS. Inc. 



2115 Avenue X Brooklyn, NY 11235 


INDUSTRY SINCE » 

Your CC Tv Security 

9;; Phone (212) 646-6300 | 
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Dennis Fait WD8BHH 
PO Box 22 

Slippery Rock PA 16057 


Ham Over Fist 

Here's a VIC-20 CW program with a twist: Its real-time display 
lets you watch your dits and dahs dance across the screen. 
But be forewarned — you may not like what you see! 


10 REM CM BANNER PROGRAM.VIC-20 VERSION 


30 REM BY DENNIS C. FAIT 

40 REM PO BOX 22 

50 REM SLIPPERY ROCK,PA 


B0 PRINT "tCLRJ" 

90 REM RESERVE SPACE FOR MACHINE LANGUAGE PROGRAM 

100 REM AND CHARACTER GENERATOR 

110 POKE 52,26:POKE 56,24 

120 REM TURN UP VOLUME 

130 POKE 36878,15 

140 REM FILL ONE LINE ON SCREEN 

150 PRINT •' ( 10 DOWN>@ABCDEF6HIJKLMNOPGRSTU" 

160 REM PUT CHARACTER GENERATOR AT 71680 
170 POKE 36869,255 

180 REM CLEAR CHARACTER GENERATOR WITH NULLS 
190 FOR X-7168 TO 7679:P0KE X.01NEXT 
200 AD=6630:REM BEGINNING ADDRESS OF ML PROGRAM 
210 READ B:IF B=999 THEN SYS 6630 


220 POKE AO,B: AD-ADt-1 



D id you ever wonder just 
what your CW fist 
sounds like? I'm sure some 
of you have had a friend 
tape-record your signal from 
the air, but have you ever 
seen your fist? ("Why, of 
course," you answer. "Now 
do you want to feel my 
fist?") 

Before you get hostile, 
please let me explain the lit¬ 
tle program in this article. 

My CW Banner program 
is written for the unex¬ 
panded Commodore VIC-20 
computer and will display 
on your television screen 
the dots and dashes re¬ 
ceived by your HF rig. As a 


bonus, it will do it in high- 
resolution graphics. 

What you'll see when you 
run this program is a series 
of dots and dashes appear¬ 
ing on the right side of the 
screen and smoothly mov¬ 
ing across the screen to the 
left side. As more elements 
appear on the right, older 
elements will disappear on 
the left And that isn't all: 
The VIC will also beep the 
television audio in time with 
the dots and dashes. 

This program can be a 
useful tool also for deaf 
hams who still want to work 
with dots and dashes and for 
displaying other TTL signals 
(with certain timing re- 






Listing 1. VIC-20 Basic-language CW Banner program. The 
program initializes the screen and various memory pointers 
and nulls the new character-generator table before poking 
the machine-language program into memory. Execution is 
then transferred to the machine-language program. 




Fig 1. Example of how the first byte of each 8-byte character 
definition in the character generator is modified to roll dots 
and dashes to the left. 
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straints on the top end). displaying. Each of the eight 

Fist still curled, you ask, bytes defines one line of 
"Well, how do we do all of eight pixels in the 8 x 8 
that?" character grid. The table be- 

I'm glad you asked. gins with the @ character 

and then continues with the 
Program Explained alphabet, numerics, and 

To get the resolution we graphic characters, 
want from the VIC, we must All we need to do is rede¬ 
change its character-genera- fine one line in each of the 
tor pointer to point to RAM first 22 characters in the 
instead of ROM and then RAM character generator 
dynamically change what is (@ through U), setting a bit 
in that RAM to define the if a CW signal is present and 
dots and dashes we wish to resetting it if there is no 
see. signal. 

The ROM character-gen- Take a look at (a) in Fig. 1. 
erator table contains eight This represents a simplified 
bytes for each character screen only three characters 
that the VIC is capable of wide which I'll use to ex¬ 



plain what the program nal is present), the LSB of 
does. Our three characters byte 1 is set otherwise it is 
on the screen are @, A, and reset (6 and 7). Byte 1 is ro- 
B. The program looks at the tated left and poked, 
most significant bit (MSB) of I should remind you that 
byte 2. If it is low (1), then it the bytes we're messing with 

resets the least significant above are the first of the 

bit (LSB) of byte 3 (2). If byte eight bytes that define each 

2's MSB is high, then the LSB character. The other seven 

of byte 3 is set. In either bytes were previously nulled 

case, the byte is then rotated by the Basic program and 

one bit to the left and poked are not used. They remain 

back into the character-gen- transparent so that the only 

erator table in RAM. The things visible are the dots 
program then skips to the and dashes that are defined 
next byte, byte 1, and does by the first byte, 
the same thing (4 and 5). The In Fig. 1, (b) shows the 

POTY pin of the joystick port screen after the dots and 

is then checked for a signal, dashes have been moved to 
If it is low (indicating a sig- the left by one pixel. 



Listing 2. The object code produced by this program is con¬ 
tained within the DATA lines of the program in Listing 1. 
Mnemonics used in this listing are a modified form of those 
commonly used. (The "l" attached to some of the above 
mnemonics (LDXI , for example) means “immediateROLA 
means "rotate the contents of the accumulator left one bit," 
as opposed to ROLX, which does the same to the X register.) 
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Fig. 2. Usable interface for converting your HF rig's audio to a 
TTL signal for the VIC-20. Do not omit the 22k resistor at the 
output. 


In addition to redefining 
our 22 characters, the pro¬ 
gram will turn the audio on 
and off (see lines 560, 570, 
640, and 650 in the assembly 
listing). This is an advantage 
if your rig's audio is muted 
or disappears because you 
have stuck a patch cord into 
the headset/external speak¬ 
er jack 

One other desirable fea¬ 


ture included is the ability to 
vary the speed of the char¬ 
acters moving across the 
screen. All you need to do is 
touch any of the keys on the 
keyboard to affect the 
speed. The letter keys are 
among the slowest, while 
RETURN and RUN/STOP 
are the fastest. The faster 
the code is coming from the 
rig, the faster you'll want the 


display to move; otherwise, 
the dots and dashes will be 
very short and hard to see. 
However, the slower the dis¬ 
play speed, the more dots 
and dashes that can be dis¬ 
played on the screen at one 
time. 

The Basic program (List¬ 
ing 1) does the following: 

• In line 110, a part of RAM 
is reserved for the machine- 
language program. Line 170 
turns up the sound. Then in 
line 150, twenty-two charac¬ 
ters are printed across the 
screen. These are the char¬ 
acters which will be rede¬ 
fined as dots and dashes. 

• Next, in line 170, the char¬ 
acter-generator table is 
moved to RAM and line 190 
fills the table with zeros. 

• Last, lines 210-230 poke 
the machine-language pro¬ 
gram into memory and then 
transfer control to that pro¬ 
gram. 

Hardware Required 

The program as written 


may not be compatible with 
Kantronics' hardware. But 
changing the value of POTY 
in line 190 of the assembly 
listing to the input address 
that Kantronics uses and (if 
necessary) the logic used in 
the RITECHAR routine be¬ 
ginning at line 480 should do 
the trick. 

For those of us who like to 
go our own way, Fig. 2 is the 
circuit I'm using to convert 
the rig's audio to the 
+ 5/0-volt signal that the 
VIC requires. Be sure to in¬ 
clude the 22k-Ohm resistor 
in series (as shown) between 
this circuit and the VIC. 

Kudos 

I'd like to thank Skeeter 
N3HB for the original idea 
for the CW Banner project. 
His was written for a home¬ 
brew 6800 machine I wrote 
the 6502 version for the VIC 
after gaining experience 
writing one for an 8085/ 
TMS9918A home brew ■ 
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NEW DESIGN Model P101 

• VU meter for line level and null readings 

• Separate receiver, transmitter. & null controls 

• Either PTT or Vox operation 

• Pi-filters to eliminate RF feedback 

• Simple phone line hook up 

• Attractive blue panel, woodgrain cabinet 

• Dimensions 8" wide x 5 3 /e" deep x 2'k" high 

PRICE $Of>00 Plus $2 50 Shipping 
Jr and Handling 


m 


ALL OUR PRODUCTS MADE IN USA 
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At your Distributors write or call _ 

10 Canal Street. Bristol Pa 19007 •■■■ 

(215) 765-5551 MH* 



ORBIT is the Official Journal for the 
Radio Amateur Satellite Corporation. 
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(AMSAT), p.o. BOX 27, Washington, DC 
20047. 
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Homemade Defroster Shutoff 

This simple gadget has nothing to do with amateur radio , 
but it's a neat little project anyway. 


I s your car equipped with 
an electric rear-window 
defroster grid? Have you 
ever turned it on and forgot¬ 
ten about it until several 
days later? No? then don't 
bother reading any further. 

Being somewhat absent- 
minded, this problem has 
been with me for years. I 
finally became motivated to 
build some type of auto¬ 
matic shut-off circuit when I 
purchased a new car. This 
car had a factory-installed 
defroster that was con¬ 
trolled by an on/off switch 
without a shut-off feature, 
and I felt my new "toy" 
deserved better than that 
The original control scheme 
is shown in Fig. 1. 

My old car was equipped 


with a fan that cleared the 
rear window by blowing the 
car interior's air at it Mar¬ 
ginal performance and a de¬ 
sire to mount a hi-fi speaker 
in its place had resulted in 
replacing the fan with a 
stick-on grid defroster. This 
after-market unit did not 
have a relay to control the 
defroster power; all the cur¬ 
rent flows directly through 
the switch. 

Since I had decided to 
build a timer circuit it 
seemed a good idea to in¬ 
stall a similar design for this 
after-market, relay-less de¬ 
froster. 

As a first step, several de¬ 
sign goals for the timer were 
developed. (1) The existing 
defroster was not to be 



Fig. 1. The existing defroster circuit. 



Fig. 2. Schematic of the timer circuit. 
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altered, other than to cut 
wires. (2) There was to be no 
power consumption when 
the power-control switch 
was off. (3) The existing pilot 
light should indicate when 
power was applied to the 
defroster grid. (4) It should 
be possible to reset or turn 
off the defroster timer at 
any time. (5) The circuit 
should be able to cope with 
power-supply variations and 
noise. 

Circuit Description 

Fig. 2 shows the circuit 
that evolved from the de¬ 
sign goals. A 555 timer chip 
was chosen as the control 
element R2 and C2 are the 
timing components. The 
values shown produce an 
on-time of approximately 
four minutes. This has prov¬ 
en to be adequate for most 
situations. Increasing the 
value of R2 will increase the 
on-time, and vice versa. The 
relationship between R2 and 
the on-time is roughly linear 
doubling R2 doubles the on- 
time. 

I have shown power-sup¬ 
ply connections as going to 
+14 V. These connections 
are really to the positive side 
of the car's battery, and the 
voltage may not be exactly 
14. The circuit will function 
over a wide range of supply 
voltages, however, so this is 
not a problem. 

The 555 is triggered by a 
low voltage (less than one 
third the supply) at pin 2. C3 


and R4 ensure a low voltage 
at pin 2 for a fraction of a 
second after power is ap¬ 
plied. R5 guarantees a rapid 
discharge of C3 when power 
is removed, allowing the cir¬ 
cuit to be reset and restarted 
quickly. R1 and Cl are a sim¬ 
ple supply filter. The output 
of the 555 (pin 3) will be at 
zero volts when off (or when 
power is removed) and at 
about one volt less than the 
supply voltage when on. 

There are at least three 
ways to configure the 
defroster drive circuit (R6, 
Q1, B1, K1). Figs. 3(a), 3(b), 
and 4 show the choices. 
With the circuit of Fig. 3(a), 
the exact timer output 
voltage does not make 
much difference; the key is 
to drive Q1 into saturation 
When Q1 is saturated, its 
collector-to-emitter voltage 
is very small, so the voltage 
applied to the relay and in¬ 
dicator light is nearly the 
supply voltage. In addition, 
power dissipation in the 
transistor will be minimized. 

If the circuit of Fig. 3(b) is 
used, Q1 will not be driven 
into saturation but will act 
like a large-signal emitter 
follower. Available drive for 
the relay will be about 2 
volts less than the supply 
voltage due to the base- 
emitter drop across Q1, the 
drop in R6, and the limited 
maximum voltage at the 555 
output Power dissipation in 
Q1 will be increased be- 






cause of increased collec- 
tor-to-emitter voltage. 

I recommend using the 
circuit of Fig. 3(a) when pos¬ 
sible, but when the connec¬ 
tions to the relay coil are dif¬ 
ficult to access, it may be 
easier to use the configura¬ 
tion of Fig. 3(b). 

Use Without a Relay 

Due to the high current in 
most grid-type defrosters (10 
Amperes or more), it is not 
advisable to drive the de¬ 
froster directly with this cir¬ 
cuit. If it is desired to elimi¬ 
nate the relay, the circuit 
shown in Fig. 4 may be em¬ 
ployed. The added transis¬ 
tor, Q2, is to boost the cur¬ 
rent applied to the base of 
Q1 to ensure that it is satu¬ 
rated (minimum power dissi¬ 
pation). Q1 still may dissi¬ 
pate several Watts, so a heat 
sink should be used. 

Construction 

Layout and construction 
style are not critical. I chose 
to use a small piece of 
punched phenolic board for 
the timer and point-to-point 
wiring. 

R2 and C2 are the only 
components with somewhat 
critical values. Most other 
components can be of what¬ 
ever values exist in your 
junk box. Every one of the 


timers I have constructed 
used different component 
values! Just make sure Q1 
will saturate and that the po¬ 
tential on pin 2 of the 555 
will rise above 5 volts after 
C3 charges. 

Installation 

Finding a convenient lo¬ 
cation for the timer may be 
the most difficult part of the 
project, especially if a facto¬ 
ry-installed defroster and 
switch are to be modified. 
There is usually very little 
extra space behind the dash¬ 
board, and Murphy's Law 
says that if there is extra 
space it will be located so as 
to be least useful. 

If a relay is not used, an 
acceptable solution might 
be to mount the timer right 
at the defroster grid's ter¬ 
minals or just on the other 
side of whatever hole the 
wires go through. Since the 
circuit can be made reason¬ 
ably small, it might not be 
objectionable if left in the 
open. 

After-market add-on de¬ 
frosters should make for an 
easier job. There is probably 
enough room near the 
switch to install the circuit. 

Many defroster switches 
have an indicator light in¬ 
corporated into the same 



Fig. 4. Output circuit for a relay-less system. 



Fig. 5. Taking advantage of a combined switch/light 
assembly. 



Fig. 3(a). Preferred output circuit. 


package. A suggested meth¬ 
od for using this type of 
switch/light combination is 
shown in Fig. 5. 

As with any electronics, 
care should be taken to in¬ 
stall the circuit so that it will 
not accidentally contact 
metal and short out. I chose 
to let the circuit be sup¬ 
ported by its connecting 
wires and insulated it by 
wrapping it in several layers 
of electrical tape. 

Final Comments 

All three timer circuits 
have been tested in my cars. 
Although the timer chip I 
used (an NE555) is rated for 
the "commercial" tempera¬ 
ture range—zero to 70 de- 



Fig 3(b). Alternative output 
circuit for use when relay is 
hard to access. 


grees centigrade—the circuit 
still worked well when 
temperatures dropped to 
about minus 15° C. A military 
temperature range ( — 55° to 
+125° C) version, an SE555 
for example, would increase 
low-temperature reliability, 
but I have not been able to 
locate a source for this ver- 
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1 / 1 /e occasionally make our mailing list 
available to other companies or organiza¬ 
tions with products or sen/ices which we 
feel might be of interest to you. If you prefer 
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NEW PRODUCT DENTRON QRV-1 

= V 

O O fh i se i 8a i 
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SPECIFICATIONS QRV-1 
All Solid state construction 
Four-place digital display 
No tune-up 
Full break-in CW 

Internal adjust CW sldetone volume 

‘S’ meter lor receive and transmit 

5 watts power output CW 

Battery operation possible due to low current 

consumption 

Transmitter spurious emissions ail down 40 DB 

Direct conversion receiver 

CW narrow and wide positions for receive 

Receiver sensitivity: OS uV lOdbsn/N 

IDEAL AS A BEGINNER’S RIG/WONT BUST YOUR 

POCKET BOOK! 


_ DENTRON 

Div. of Collco Electronics, Inc. 

223 North Michigan Avenue - P O Box #848 
Edgerton. Ohio 43517 
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CIRCUITS 


Do you have a technique, modification, or easy-to-duplicate cir¬ 
cuit that your fellow readers might be interested in? If so. send us a 
concise description of it (under two pages, double-spaced') and in¬ 
clude a clear diagram or schematic if needed 
In exchange for these technical gems, 73 offers you a one-year 
subscription (or extension), to be sent upon publication. Submit your 
idea to: Circuits, Editorial Offices, 73 Magazine, Peterborough NH 
03458. Submissions not selected for publication will be returned if 
an SASE is enclosed. 



SMART PANEL LAMP: This 
power-on indicator for your reg¬ 
ulated 15-V supply also indi¬ 
cates overload conditions (cur¬ 
rent-induced voltage drop) and 
can be easily modified for other 
voltage levels. Two resistors 
sample the output voltage and 
compare It with the 2.2-V 
reference defined by the LED 
and transistor emitter-base- 
junction voltage drop. If the 
regulated 15-V line drops by 
about a volt, the Indicator LED 
goes out. The Ik resistor in the 
collector circuit limits the cun 
rent draw to 15 mA so the indica¬ 
tor won’t burden the supply .— 
Penn Clower W1BG, Andover 
MA. 



INVERTED-V TUNING TRICK 
Tuning the inverted-V antenna 
requires adjustment of both the 
enclosed angle and the length 
of each side of the dipole. You 
can take the pain out of length 
adjustments by fastening the 
ends to the insulators with split 
bolts. These come in various 
sizes, and I recommend using 
the kind made from bronze.— 
Wm. Bruce Cameron WA4UZM, 
Temple Terrace FL 




SELF-CONTAINED BATTERY ELIMINATOR FOR THE HEATH 
HM-2140: This simple circuit is built into the wattmeter cabinet and 
doesn't interfere with the internal mounting of the remote sensor 
box. The PEP/AVG push-button switch has an extra set of contacts 
which can be used to switch the power supply on when PEP read¬ 
ings are desired. The LED is centered between the meters on the 
front panel. The fuse holder can be an inline type or be mounted on 
the circuit board behind the battery clip. Note that the negative side 
of the power supply does not go to ground. If you don’t plan portable 
battery operation in the future, the 86-V output can be permanently 
wired to lug 2 of the PEP/AVG switch. The transformer is mounted 
between the existing screw near the battery clip and a spacer in¬ 
stalled on the bottom cabinet. A five-lug terminal strip mounted with 
the transformer at the corner of the circuit board will hold the other 
components, and a cable clamp on the other side of the transformer 
secures the line cord. If a type 7808 three-terminal regulator is not 
readily available, an LM317T adjustable regulator (Radio Shack 
8276-1778) can be substituted.— Wayne Arnett AI7C, Chandler AZ. 


POLARITY PROTECTION FOR PLUG-IN RADIOS OR OTHER SOLID- 
STATE DEVICES: By adding a diode or a diode bridge in the dc pow¬ 
er-input circuit, you can have complete protection against ever con¬ 
necting the unit backwards. With the bridge circuit, it makes no dif¬ 
ference which way the connection is made. However, if the diode is 
connected in reverse, there will be no current to the unit due to 
blocking action of the diode. When connected correctly, diode will 
conduct and the unit will work. Using this with plug-in radios, mount 
the bridge or diode inside the chassis. Be sure the bridge or diode 
will handle the maximum current requirement.— E. A. Rowe 
W7PWQ, Chelan WA. 




















































the 8-blt parallel I/O port for computer In¬ 
terfacing. This allows total access to each 

age processing, transformation, storage 
allows connection to a printer for black- 
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son Electric Company, 853 Dundee Ave¬ 
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Reader Service number 483. 
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BREAK COMMUNICATIONS 
SYSTEMS EQUIPMENT 
CONSOLE 


console from Break Communications Sys- wood. 1(2" and 3(4" plywood, and 112" par- “ y u 

terns (BCSf, Inc. It not only provides a con- tide board. BCS consoles are covered in a e,,or ' “ ween Boi a ™ eacn cus,omer 

venlent and rugged operating position. high-pressure laminate (the generic name Once the basic size of the console is se- 

niture. consoles are four, six, or eight fee, wide just rights, then begins the process of de- 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 4 

on 220 MHz and see if it would 
work here. They were absolutely 
disgusted when the ARRL fought 
them and amateurs were mas¬ 
sively against even a no-code 
experiment. 

I would not look for much in 
the way of sympathy or help 
from the FCC with regard to 
fighting off commercial de¬ 
mands for amateur frequencies. 
The hobby is no longer seen as a 
service, but more as entertain¬ 
ment for a very few technical 
nuts which is taking up some 
enormously valuable spectrum 
space which could be much bet¬ 
ter used. 

What Will Go First 

The first push is to get the 220- 
MHz band, which the FCC had 
saved from CB for the no-code 
ham experiment. Next look for 
six meters to be reallocated to 
something more productive for 
the country. Then we can expect 
to lose most of the microwave 
bands which are desperately 
needed for business communi¬ 
cations. Remember that com¬ 
munications are going to be 
growing by a factor of about one 
million over the next few years. 
Some of this will use fiber op¬ 
tics, some cable, but much of it 
will go via microwave and satel¬ 
lites, and that means spectrum 
sacrifices. 

Perhaps If the FCC had been a 
bit more forthright and made it 


clear to the League directors 
that the choice was between no¬ 
code on 220 or losing the band, 
the League might not have 
pushed so hard to defeat the 
Commission. Oh, the Commis¬ 
sion tried to make it clear, within 
their legal limits, but the League 
was not paying attention. 

From the FCC's viewpoint, 
amateur radio is an increasing 
nuisance. The hobby used to 
pride itself on being self-polic¬ 
ing. Now the FCC gets com¬ 
plaints that it isn't monitoring 
and policing our bands for us. It 
sees a bunch of increasingly re¬ 
tired, lazy old men sitting around 
helplessly wringing their hands 
and bitching when other hams 
jam their nets and repeaters, but 
making no real effort them¬ 
selves to solve their problems. 

The FCC sees today the rem¬ 
nants of what was once a feisty 
service, one which was respon¬ 
sible a generation or two ago for 
the development of virtually ev¬ 
ery breakthrough in communica¬ 
tions—one which greatly helped 
the country win WWII by provid¬ 
ing desperately needed techni¬ 
cally-oriented youngsters— 
back when the average age of 
hams was nearer 30 than 60. 

FEMA Replaces the FCC 

This year the FCC even got 
out of the emergency communi¬ 
cations business by turning it 
over to FEMA. the Federal Emer¬ 
gency Management Authority. 
FEMA has almost no connec¬ 


tion with amateurs, so we're los¬ 
ing one of the last stronghold 
excuses for the hobby: emer¬ 
gency communications. What’s 
left in the way of rationaliza¬ 
tions for amateurs having the 
use of billions of dollars worth 
of spectrum? 

Amateur radio exists at the 
whim of the FCC, so why are we 
kicking the Commissioners in 
the face when they try to help 
us? Perhaps it is a death wish by 
the old-timers. Did one single 
amateur who fought the no¬ 
code proposition think in terms 
of what was good for amateur 
radio and for our country? Or 
were they thinking only of the 
misery they had In learning the 
code and which should there¬ 
fore be shared by all newcomers 
as a rite of passage? Never mind 
that the newcomers aren't com¬ 
ing, but are telling us to shove 
amateur radio and Morse code 
up our antique antennas. 

Sure, I know I'm a pariah to 
many hams because I stand up 
and tell it like I see It. That’s nev¬ 
er been popular, so I shouldn’t 
mind when ham popularity polls 
put me on a level with Nixon, 
Watt, or Oswald. From my view¬ 
point, I go to great lengths to do 
my homework before I write. My 
opinions are solidly based on 
facts. No, the attacks are usual¬ 
ly personal, attacking me, not 
what I’ve written. Well, how else 
can someone fight where the 
facts are against them? 

What Can Be Done? 

With four more years of 
Reagan Commissioners, if ama¬ 
teur radio were put on the stock 
market, I don’t think our stock 
would sell. What an incredible 
pity, for here we are at the right 
time in history to provide des¬ 
perately needed services to our 
country—and to the world. The 


whole world is going high-tech 
and here we are with one of the 
best training grounds for young¬ 
sters to steer them into high- 
tech careers—and we aren’t just 
not doing it, no, we're doing ev¬ 
erything we can to prevent it. 

With communications about 
to explode, amateur radio has 
the opportunity as never before 
to invent and pioneer new com¬ 
munications technologies. Sad¬ 
ly, the hams we need to do this 
were shut out of the hobby, so 
we don't have 'em available. 
Luckily for the world, though not 
for us, Japan does have the 
needed technicians and engi¬ 
neers. They came into high-tech 
through Japan’s no-code ham li¬ 
cense. So we’re going to have to 
continue to buy Japanese ham 
gear, two-way equipment, tele¬ 
phones, and so on. We no longer 
have the technical people to 
keep up with their creative de¬ 
signing. Soon we may not even 
have enough technicians to ser¬ 
vice the satellite, microwave, 
and fiber-optic communications 
equipment which is pouring into 
the country. 

If you know of any approach 
which will convince youngsters 
that they should learn the code, 
let me know. I'm ready to try and 
get ham clubs started in every 
high school in America, but it is 
a complete waste of time even 
trying this without some con¬ 
vincing explanation for the 
code. 

No, they won’t buy that crap 
about Morse code getting 
through when all else fails. Nor 
will they buy it being less expen¬ 
sive than phone. Heck, you don’t 
believe that old bunk any more 
than I do—and this in my 46th 
year in amateur radio. If you can 
give me one convincing reason 
for the code, I’ll be able to get 
started. 
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73 INTERNATIONAL 


Each month, 73 brings you 
ham-radio news from around the. 
world. In this collection of re¬ 
ports from our foreign corre¬ 
spondents, we present the lat¬ 
est news in DX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams in other 
countries. 

If you would like to contribute 
to your country's column, write 
to your country's correspondent 
or to 73: Amateur Radio's 
Technical Journal, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KK2Y. 


44 Wren Street 
Mona 3018 


malar operations no 


K3—ISO-YEAR AWARD 


ateur fraternity due to both the likelihood 
of this system being susceptible to ama¬ 
teur transmissions on both 2 and 6 meters 
and the fear that there will also be interfer¬ 


es the few -INC. -JB, -JG. -JT, -MMO, -RR, -RS. 
illsigns for -SJ, -US, -VR, -WT, -WV, -XI, -YY, -2, 
nyOSLotv PY3YXZ/PP2, PP2CW being the CWGO 


x.) 52.042. This pots 


ho will QSL, thereby improving ou 


BRAZIL 

Carlos Vienna Camelro PY1CC 
Rua Afonso Pena 49, Apt. 701 
20270 Rio <te Janeiro, RJ 
Brazil 

CW AWARDS IN BRAZIL 


ailed Fudgaree for the princely 
■\e dozen blankets, six dozen to¬ 
es, 150 figs of tobacco, and two 


it reached Its “20 A 
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octal Honor Roll Award when 200 po 


ns that freedom to oper- 


ali their plleups and QRM and limited time 
and dates. 

So CW groups are doing their best to 
These are the latest three CW awards, just 

CWSP YL Award-available to all radio 

QSOs with five Brazilian YLs, CW mode, 
two of them being CWSP members. En¬ 
dorsement seals are available for 10. 20. 
or 30 YL stations from anywhere, CW 
mode only (YL CWSP members: PY2ATL, 
PY2ADI, PY2DHP. and PY2TR are always 
present on the BRYLA net). Do not send 
QSLs, but rather a certified tog; fee is 10 
IRCs; send to CWSP Award Manager. PO 
Box 15090, Sao Paulo, 01599, SP Brazil. 
Valid from May 1, 1904. 

Coming from the CWGO group, Golas, 
are two new awards: WAPP 2nd Series- 
the Worked all PP-prefixed areas, 2nd 
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A Times Square Data Display 


H Build this scrolling touchtone decoder 
tor your favorite repeater What you see 
is what you hear WA4TFM 8 


Color Computer SSTV: Part II 

|v I Complete the picture by adding weath- 
'—' er-satellite facsimile to your new color 
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Transistors: A Biased Approach 

In Part I. KC0EW takes the mystery out 
of solid state with clear talk and practical 
examples KCCEW 34 
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EDITED BY PERRY DONHAM KW10 


o/?x.. . 

FCC3, Hams Won 

“1 HAVE A SUSPICION that we re not going 
to lose this band, but that doesn't mean 
that ham radio is out of the woods,” says 
Art Reis K9XI. Art, who is the editor of 220 
Notes, believes that hams have won this 
battle, although he cautions that further at¬ 
tacks on the 220-MHz spectrum allocation 
are likely. Incredibly, hams are buying 220 
gear by the bushel. Part of the reason is the 
increasing popularity of digital modes of 
communication, like packet radio, which 
use the band for high-speed inter-group 
linking. The FCC received nearly 300 com¬ 
ments on the issue; most were rational dis¬ 
cussions of the impact land-mobile radio 
would have on 220. This is in contrast to the 
deluge of unsupported whining the Com¬ 
mission had to wade through during the no¬ 
code disaster. According to Art, ".. .the fu¬ 
ture of 220 MHz is looking up!" 

Packet Ears _ 

SPEAKING OF PACKET RADIO, the ARRL 
is publishing a very informative newsletter 
for the packeteer, dubbed Gateway. It’s 
available to everyone with an interest in the 
subject, although League members get a 
discount on the subscription rate. The sec¬ 
ond issue of Gateway described an HF 
packet bulletin board run by Hank W0RLI. 
Hank’s BBS is one of the more popular 
systems on the east coast and can be ac¬ 
cessed on 14.080 MHz using 200-Hz shift at 
300 baud. If you would like more informa¬ 
tion about Gateway and packet radio, drop 
Editor Jeff Ward K8KA a note at 225 Main 
Street, Newington CT 06111. Tell him 73 
sent you! 

Ducky Wars! 

NOW THAT NO-CODE is dead, it’s time for a 
new divide-the-ranks issue: a national 
144-MHz repeater standard. Right now we 
have two. Under the eastern plan, repeaters 
in the 146-148-MHz subband are spaced 15 
kHz apart. The bandplan being used in the 
western part of the country has them 20 kHz 
apart. Obviously, this creates real night¬ 
mares for repeater coordinators in areas 
where both systems abut. Who's correct? 
Rumor has it that Mexico will be using the 
20-kHz system (by governmental decree) 
very soon. Hams in states that border XE- 
land are going to have mucho problemos 
when they try to kerchunk their favorite ma¬ 
chine—unless they switch their repeaters 
to 20-kHz spacing. But then what about the 
hams in states that border the states that 
border XE-land? You can easily see how the 
trouble quickly spreads across the nation. It 


gets really confusing when you realize that 
the ARRL promotes its own bandplan—re¬ 
peaters west of the Mississippi are sup¬ 
posed to run inverted. Personally, I think we 
should implement a national 20-kHz-spac- 
ing system. Technically, it makes more 
sense than what we’re doing now. What do 
you think? 

73 f s Company 

DID YOU EVER NOTICE that company is 
most likely to drop by when the place is a 
wreck? Well, it happened to us here at 73 a 
few days ago. It was a fine New Hampshire 
Friday, and everything we own was in 
boxes. The furniture was all shoved into one 
room, and the entire staff was decked out in 
our finest grubby attire, as we were moving 
to plush new offices about a mile down the 
road. Into the middle of this mess stepped 
Grant W6NTK, his family, friends, and two 
dogs! Grant had driven his RV from Califor¬ 
nia to Maine and wanted to drop In and say 
hello. We had a very pleasant visit, with 
Grant demonstrating his allband mobile in¬ 
stallation (including RTTY) which was very 
impressive. Not ten minutes after wishing 
Grant farewell, we heard a knock on the 
door.. .it was Dean WT4A, who had driven 
up from Florida! Needless to say, we didn’t 
get a heck of a lot of moving done that after¬ 
noon. 

Going, Going . ■. 

WILL HAMS LOSE still more spectrum to 
commercial interests? The FCC would like 
to reallocate half of our 160-meter band to 
non-government radiolocation. Docket 
84-874 would move this service to make 
room for an expansion of the AM broadcast 
band implemented in the 1979 WARC. 
Though the amateur community was taken 
by surprise, the ARRL moved quickly, filing 
a motion against the NPRM just three days 
after it was announced. 

Author! Author! 


FAME AND FORTUNE are what 73 authors 
receive! We all have a story to tell. Why not 
tell it to the world? We are looking for arti¬ 
cles that deal with the technical side of am¬ 
ateur radio. The how-to-build-it-and-why- 
does-it-work type of piece that you enjoy 
reading in 73 every month. It doesn't have to 
be complete plans for a 9600-baud frequen¬ 
cy-agile kilowatt hand-held, just some little 
gadget that you or a friend have built. I 
won't tell you how much we pay for articles, 
but if we really like It, a well-written manu¬ 
script could pay for that new packet system 
you've had your eye on. And don’t worry if 
you can’t spell or if your paragraphs are one 


long sentence. We'll help you over the 
rough spots. Interested? Send an SASE to 
73, 80 Pine Street, Peterborough NH 03458, 
Attn: HTW. When your envelope comes 
back, it will have a copy of our author's 
guide In it. 

Cheap Tricks _ 

YAESU FT-757 OWNERS rejoice! From our 
something-for-nothing department comes 
word of a newsletter published by the 757 
Club International. It really looks like a 
great source of information about this pop¬ 
ular rig, and the price is right. Membership 
in the club, which includes the newsletter, 
is free—just send a large SASE to 757 Club 
International, Box 5021-E, Spring Hill FL 
33526. 

ReathThis! 


WHAT’S NEW WITH YOU? We would like to 
know just that. You may have noticed (espe¬ 
cially if you're reading this) that 73 has a 
new column. "QRX” is about you—what 
you are doing, what you’ve heard, what you 
would like to do. Don’t be shy: Send news 
items, comments, and what have you to 73 
Magazine, 80 Pine Street, Peterborough NH 
03458, Attn: QRX Editor. Try to double- 
space any typed items, and send along a 
picture If you can. 

China Syndrome 

WORKED CHINA YET? Neither have I, but 
there’s hope for us little pistols. According 
to Tim Chen BV2A/BV2B in Taipei, exams 
for ham operators will be given by the 
Ministry of Telecommunications, and we 
may expect oodles of BY calls flooding the 
bands very soon. OK, maybe not flooding, 
but at least it will be a little easier to get that 
card you’ve been wanting. In the meantime, 
look for BY1PK around 14.155 MHz and be¬ 
tween 14.180 and 14.190 MHz at 1400 and 
1600 UTC. BY5RA has been heard near 
14.195 MHz from 0800 to 1000 UTC. 

FightBack! 

THE ARRL HAS FILED a Request for Issu¬ 
ance of Declaratory Ruling with the FCC 
that asks the Commission to exercise pre¬ 
emptive authority over state and local zon¬ 
ing regulations which affect transmitters 
and antennas used in the Amateur Radio 
Service. File formal comments (an original 
and four copies) with the Secretary, FCC, 
1919 M Street NW, Washington DC 20554; 
refer to PRB-1. The deadline for comments 
is December 14,1984. 
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Robin Rumbo/t WA4TEM 
1134 Glade Hill Drive 
Knoxville TN 37919 


A Times Square Data Display 

Build this scrolling touchtone decoder for your favorite repeater. 
What you see is what you hear. 


T his is a project for re¬ 
peater operators and 
people who want to see 
what they hear on repeaters, 
namely, touchtones™. It is 
a Times-Square-style scroll¬ 
ing touchtone data display 
It is also a project that I 
wanted but kept putting off 
for all of the 12 years that I 
have been designing and 
building autopatches and 
touchtone repeater control¬ 
lers. I could never justify 
dedicating a touchtone de¬ 
coder to a function like this. 
Touchtone decoders were 
just too expensive, finicky, 
or bulky. 

Well, things have changed! 
With its recent introduction 
of the TRK-956 DTMF (touch- 
tone) decoder kit Teltone 


Co. of Kirkland, Washing¬ 
ton, will surely put a severe 
crimp in the 567 tone-de¬ 
coder business Priced at 
only $22.75, the TRK-956 
comes complete with an 
M-956 single-chip DTMF de 
coder, a 3.58-MHz crystal, 
and a 22-pin 1C socket 
The M-956 decoder is a 
CMOS chip that includes all 
filters, decoders, and timing 
circuits needed to imple¬ 
ment a complete 16-digit 
DTMF decoder. Its block 
diagram is shown in Fig. 1. 
The decoder requires only a 
single + 5-volt supply and 
has a measly current drain 
of only about 10 mA! By the 
way, Teltone includes with 
each kit sold their SC-1 ap¬ 
plication guide which ex¬ 


plains all about telephone 
lines and signaling standards 
and has plenty of touchtone 
applications circuits. 

Features 

This circuit will display in¬ 
coming touchtone digits be¬ 
ginning on the right side of 
the display and scrolling 
them to the left as new dig¬ 
its are received. The circuit 
shown in this article is ca¬ 
pable of displaying 16 digits. 

The circuit has several 
display-control buttons. A 
CLEAR button blanks the dis¬ 
play and reinitializes memo¬ 
ry. The SHIFT button will 
shift the entire display to the 
left one place and insert a 
blank character on the right 
end. A MATCH button is 


used for sequence program¬ 
ming (which will be explained 
later). 

A useful feature that I in¬ 
cluded was that of code 
matching A given sequence 
of numbers ranging in length 
from 1 to 16 digits may be 
programmed easily into the 
unit Then anytime that ex¬ 
act sequence of numbers is 
received, the circuit will ac¬ 
tivate an alarm line. This 
feature is very handy for 
several purposes. For exam¬ 
ple, it can be used to dump 
an autopatch when an ille¬ 
gal phone number is dialed, 
or it can be used to set off 
alarm bells and sirens when 
a malfunction code is re¬ 
ceived on a telemetry down¬ 
link, or it can be used to un¬ 
squelch a station's speaker 
when an access code is re¬ 
ceived. I am sure you can 
think of many other uses 

The Circuit 

When I started to design 
this circuit, I came to realize 
that a standard shift-register 
design would require at 
least 21 integrated circuits. 
That*s a lot more wiring than 
I wanted to do. Since I am 
an advocate of the KISS 
design philosophy (Keep It 
Simple, Stupid!), I decided 
to utilize the marvelous 
power of the microproces¬ 
sor to simplify. Using the In¬ 
tel 8748 microprocessor, I 



Fig. 1. Block diagram of the M-956. 
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was able to bring the circuit 
down to just four ICs, which 
is just about right for two 
evenings' construction time. 
The schematic is shown in 
Fig. 2. 

The 8748 microprocessor, 
or course, controls it all. It 
receives the binary data 
from the decoder, trans¬ 
forms the data into 7-seg¬ 
ment form, and then routes 
the proper display data to 
the segment drivers at the 
same time that it activates 
the appropriate digit driver. 
Every time a new digit is 
received, the microproces¬ 
sor checks the currently dis¬ 
played data to see if it 
matches a preprogrammed 
sequence that may have 
been stored in memory pre¬ 
viously. If there is a match, 
the alarm line is set to a high 
state. The microprocessor 
also reads the switch inputs 
to check for any incoming 
commands. It does all this 
many times per second, so 
quickly in fact that it has no 
trouble keeping up with the 
fastest autodialers (about 16 
digits per second). 

I chose the 8748 for the 
job because it has all the 
ROM, RAM, and I/O capa¬ 
bility needed on a single chip. 

I also had one in the junk 
box! Hi! I realize that not 
everyone has capabilities 
for programming EPROM- 
style microprocessors, so I 
will offer preprogrammed 
units at a reasonable price. 

In addition to the micro¬ 
processor and the tone 
decoder 1C, I used a CD4515 
CMOS 4-to-16-line decoder 
to expand the output capa¬ 
bility of the microprocessor. 
This 1C has the capability of 
driving 16 output lines. 
These lines then go to dis¬ 
crete transistor digit drivers 
(Q1-Q12) which supply cur¬ 
rent to each display digit at 
the proper time. The micro¬ 
processor itself drives the 
7-segment driver transistors 
(Q13-Q19). 

Software 

Since I am using the same 







microprocessor for data dis- tialization sequence, thus 
play and telemetry transmis- clearing the display and 
sion, I started the program memory. 

(below) with a fast check to 

see if transmit or receive Lines 180 through 270 
mode was selected. This is comprise the main loop. Ev- 

indicated by a high or a low erything else is in subrou- 

on pin 24 of the micropro- tines. The main loop calls 

cessor. If the input is low, the display routine, DAGN, 

the transmit routine is se- checks to see if all digits 

lected. Otherwise the pro- have been displayed, and 

gram for data display will be then checks the INT input to 

executed. The program then see if there is a new digit in- 

initializes registers and mem- coming. In this way, new 

ory space. Anytime the digits are read in only at the 

CLEAR button is pressed, end of a display multiplex 

the microprocessor will re- cycle. This is done to mini¬ 
set and re-execute this ini- mize display flicker and 

Program listing 


HM Nil man monoc MT« OEPUH WUTBC mo 



keep each digit at equal The digit-display subrou- 
brightness. The command tine, DAGN (lines 580-790), 

switches are then checked, pulls the digit to be dis- 

If no commands are incom- played out of memory, 

ing, then the program just looks up its 7-segment repre¬ 
executes the main loop sentation in the decode 

again. table (lines 1090-1250), and 

The SHIFT subroutine, then outputs the digit ad- 

lines 280-520, shifts all data dress and the proper 7-seg- 

down one location in memo- ment code. Since the * and # 

ry when either a new digit is figures cannot be displayed 

received or the SHIFT but- on a 7-segment display, I 

ton is pressed A new digit is replaced them by the "o" 

stored in the now vacant and characters, respec- 

first memory location. If the tively. I also chose to dis- 

SHIFT button was pressed, a play the sixteenth digit, "D" 

blank is put in the first mem- on most pads, as blank. Im- 

ory location. bedded in the DAGN sub- 



nrriB law DC it 










Program Memory 

000-013 Initialization routine 
014-026 Main loop routine 
027-04D SHIFT subroutine 
04E-054 Button shift routine 
055-072 DISPLAY DIGIT subroutine 
073-091 HOLD subroutine 
092-0AC CHECK subroutine 
0AD-0AE XMIT VECTOR 
0AF-0EF Unused 

0F0-OFF Seven-segment decode table 
100-3FF Unused 

Data Memory 

00-07 Register Bank 0 (R0-R7) 

08-17 Stack 

18-1F Register Bank 1 (Unused) 

20-2F MATCH sequence storage 
30-3F Display digit storage 
Register Usage 
R0 = General use 
R1 = General use 
R2 = Loop counter 
R3 = Display memory address pointer 
R4 = Sequence length counter 
R5 = Loop counter 
R6 = General use 

R7 = MATCH sequence length storage 
Fig. 3. Memory-usage chart 

routine is a small delay rou- too slow a rate would cause 
tine, lines 730-780, which is noticeable flicker, 
used to slow down the mul- The HOLD subroutine, 
tiplex rate. Too fast a rate lines 800-1000, moves what- 
limits digit brightness, while ever numbers are currently 



The touchtone data display. 


on the display into sequence 
memory when the MATCH 
button is pressed. It also sets 
a flag, F0, which tells the 
program to check the dis¬ 
play digits against this mem¬ 
ory for a sequence match 
anytime a new digit is re¬ 
ceived. 

The last routine, CHECK 
(lines 1010-1180), does the 
actual comparison of dis¬ 
play data and memory data. 
If a match is found, the 


alarm bit is set. Otherwise 
the alarm bit is cleared. Fig. 
3 shows a memory-usage 
chart. 

Construction and Operation 

A printed circuit board 
was developed for this cir¬ 
cuit and is shown in Fig. 4 
Fig. 5 shows the parts place¬ 
ment. Note that the circuit 
board does not include the 
display LEDs themselves. 
Because of the wide variety 



Fig. 4. PC board. 
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of LED displays that may be 
used in this circuit, I decided 
not to design a PC board for 
them Any common-anode 
LED display may be used. If 
you decide to use the 
popular multi-digit stick- 
type displays, make sure 
that they are the multiplex 
type and not the direct-drive 
type. Whatever display you 
choose, wire all segment 
lines in parallel and bring 
out all anode lines separate¬ 
ly. Your display may be any 
length you choose up to 16 
digits. I limited my first pro¬ 


totype to only 12 digits. 
Simply leave out any digit 
drivers at the left side of the 
display that are unused. 

The 5-volt regulator chip, 
IC4, can get quite warm dur¬ 
ing operation since the cir¬ 
cuit draws about 250 mA. 
Because of this, a heat sink 
should be included. The PC 
board layout includes space 
for a TO-220-style heat sink. 

There are seven jumpers, 
labeled A-C, which should 
be installed on the board af¬ 


Initial power-up should 
be preceded by a voltage 
check with IC4 in place and 
IC1, IC2, and IC3 removed 
from their sockets. Check 
the power pins for proper 
voltages. These ICs are get¬ 
ting less expensive but still 
are not cheap enough to 
blow because of a wiring er¬ 
ror or solder bridge! 

Once the voltage check 
has been successfully com¬ 
pleted, disconnect power 
and install all ICs in their 
sockets Note that IC2 


points the opposite direc¬ 
tion of IC1 and IC3 Apply 
power. If all is well, the dis¬ 
play should come up blank. 
Feed a source of touchtone 
audio to the decoder. The 
decoder requires an audio 
voltage in the range of 
about 150 mV to 2 V p-p. As 
each digit is received, it 
should be displayed at the 
right end of the display. Suc¬ 
cessive digits will cause pre¬ 
viously received digits to be 
shifted one place to the left. 

Pressing the SHIFT button 
also will cause digits to shift 


ter all other components a 
in place. 


12 73 Magazine • December, 1994 





Parts List 


Quantity 

Designation 

Description 

Cost 

16 

R1-R12, R31-R34 

Resistor, Ik Ohm. >/. W, 5% 

$ .96 

7 

R13-R19 

Resistor, 27 Ohms, ’/. W, 5% 

.42 

10 

R20-R26, R28-R30 

Resistor, 3.9k Ohms, V* W, 5% 

.60 

2 

C7.C8 

Capacitor, 22 pF, 50 V disc ceramic 

.16 

3 

C1.C5.C9 

Capacitor, .01 pF, 50 V disc ceramic 

.24 

2 

C2.C6 

Capacitor, 1 pF, 16 V electrolytic 

.34 

2 

C3.C4 

Capacitor 10 pF, 25 V electrolytic 

.36 

16 

Q1-Q12, Q20-Q23 

Transistor, PNP 2N3906 or equivalent 

4.00 

7 

Q14-Q19 

Transistor, NPN 2N3904 or equivalent 

1.75 

i 

IC1 

TRK-956 DTMF decoder kit 

22.75 

i 

IC2 

8748 microprocessor (see text) 

50.00 

i 

IC3 

CD4515 CMOS decoder 

2.49 

i 

IC4 

LM7805 5-volt regulator 

1.59 

16 

DIG1-DIG16 

LED, 7-segment common anode display 

16.00 

1 

— 

40-pin 1C socket 

.49 

1 

— 

24-pin 1C socket 

.33 

1 

— 

PC board 

10.00 

1 

- 

Heat sink, T-220 style 

.25 

NOTE: The crystal, XI, and 22-pin socket are included in the TRK-956 kit available from 

Teltone Corp., PO Box 657, 10801 120th Ave. NE, Kirkland WA 98033-0657; (206)- 

827-9626. 





the sequence. Then press 
the MATCH button. From 
now on, any time that that 
exact code is received, the 
alarm line will be activated. 
Each time the code is recog¬ 
nized, the alarm line will 
stay activated only for as 
long as no additional digits 
are received. The matching 
process will be deactivated 
and memory purged when 
the CLEAR button is pressed. 

Conclusion 

I wish to thank Paul Ham¬ 
ilton WD4MQQ for his ex¬ 
cellent photographic assis¬ 
tance and his PC board ex¬ 
pertise. I also wish to thank 
Bill Kaylor W9DSM for de¬ 
veloping the PC board lay¬ 
out and also for his nagging, 
which made me finally build 
this thing. 


left, but instead of a new 
digit appearing, a blank will 
be inserted at the right end. 
This SHIFT button is very 
handy to insert blanks be¬ 
tween incoming digits It 


may also be used, when held 
down, to temporarily freeze 
what is on the display 
To program the unit to 
recognize a specific code, 
first press the CLEAR button 


to dear the display and 
memory. Then enter in the 
code that you want recog¬ 
nized. Do not enter any ad¬ 
ditional digits or blanks that 
you do not wish included in 


As I mentioned previous¬ 
ly, I will make available pre¬ 
programmed and tested 8748 
microprocessors for $50.00 
Printed circuit boards are 
$10.00 each ■ 


AMATEUR TELEVISION 


ATV TRANSMITTER/CONVERTER 

NEED IN ONE BOX 

$399 delivered 

TC-1 plus 


ALL YOU 



OVER 10 WATTS PEP OUTPUT. Crystal controlled continuous 
duty transmitter Speedy 439.25.434 0.426 25 standard or other 
70 cm frequency 2 freq option add S26 

BASE. MOBILE, or PORTABLE. Use the Oudtin AC supply or 

TWO VIDEO AND AUDIO INPUTS tor camera. TVRO. VCR, or 


• RECEIVE ON YOUR STANDARD TV SET tuned to channel 3 or 4 
Sensitive varicap tuned TVC-2L downconverter covers simplex and 
repeater Ireq over the whole 420-450 mHr 70 cm amateur band 

• ATTRACTIVE 10.5 x3 x 9 CABINET. 



(818) 447-4565 m-l 8am-6pm pst. 


P.C. ELECTRONICS 


$ m 

Arcadia CA 91006 
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Color Computer SSTV: Part II 

Complete the picture by adding weather-satellite facsimile 
to your new color SSTV system. 


Editor’s note: Part I of this article, detailing a complete color SSTV interface, appeared in the November, 1984, issue of 73 . 


Clayton W. Abrams K6AEP 
1758 Comstock Lane 
San lose CA 95 124 


Dr. Ralph Taggart WB8DQT 
6 02 jefferson 
Mason Ml 48854 


W ith the initial success face, SSTV software, and 
of the K6AEP inter- high-resolution display board, 



Photo A. An infrared (IR) view of the NW quadrant of the 
earth as transmitted by the COES E spacecraft using the 
WEFAX imaging format. A major frontal system can be 
seen wrapping around from the Gulf Coast up into New 
England. Broken frontal activity can also be seen in the 
Rockies and Plains states. Although some of the gridding 
of state borders and other features can be resolved, one of 
the higher-resolution formats (see photos) would be re¬ 
quired to capture all the details in a picture of this type. 
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the next "new" application 
considered was facsimile. 
HF FAX operation has never 
had much of a following 
among amateurs but there is 
one area where amateur 
FAX techniques are boom¬ 
ing—weather satellites. 


Thousands of amateurs 
and non-amateurs alike 
track the many different 
kinds of weather satellites 
now in orbit, and what has 
been needed for years is a 
nice, simple, and versatile 
display system that would 



Photo B. Full-frame display of the NW quadrant of the 
earth as seen by COES E in visible light. This image covers 
the same area as Photo A but visible-light imagery is rarely 
gridded. Even with the full-frame display the resolution 
achieved exceeds that of some small CRT display systems 
and is entirely adequate for most uses. 




Photo C. A NOAA 7 visible-light APT pass showing the 
east coast. Delaware, New lersey, and Long Island show 
quite clearly in this full-frame display but much of New 
England is buried under a major cyclonic storm system in 
the process of moving out to sea. Lake Erie and Lake On¬ 
tario are visible at the top center of the display. 


handle pictures from all of 
them! K6AEP was certain 
that the SSTV software 
could be modified for FAX 
display, and WB8DQT was 
equally certain that a multi- 
mode satellite interface 
could be designed to take 
advantage of the CoCo® as 
an image processor and dis¬ 
play system. 

With the two of us madly 
experimenting in our areas 
of expertise, we soon had a 
workable system up and 
running, and the results ex¬ 
ceeded all of our expecta¬ 
tions! With the satellite in¬ 
terface to be described this 
month (and with the high- 
resolution display board de¬ 
scribed in Part I) you can be 
scan-converting all types of 
US and Soviet weather-satel¬ 
lite pictures in no time at all! 
The mix of features avail 
able with the current soft¬ 
ware is mind-boggling 
compared to conventional 
techniques! Some of these 
features include: 

• Full-frame display of im¬ 
agery from all current op¬ 
erational satellites. These 
include both geostationary 
(US COES, European ME- 
TEOSAT, and Japanese 
GMS) and polar-orbiting 
spacecraft (US TIROS/ 
NOAA and Soviet METE¬ 
OR). 

• The ability to capture 
extremely-high-resolution 
subsets of any images that 
exceed the theoretical re¬ 
solving power of the image 
format. 


• Two different kinds of 
false-color display. 

• The ability to generate 
hard copy using a graphics 
printer. 

This is a mix of features 
you cannot find in any 
available display system, 
but there is even more! If 
you combine the SSTV in¬ 
terface (Part I) with the sat¬ 
ellite interface to be de¬ 
scribed here, you obtain 
the following additional 
features: 

• Complete HF FAX dis¬ 
play capability for wire- 
photos and weather charts 

• The ability to record or 
transmit weather-satellite 
pictures in standard SSTV 
formats. 

All of this may seem like 
quite a tall order but we 
can deliver—as we hope to 
demonstrate here. Let's get 
fired up and see how it's 
done! 

The Satellites 

The one thing we do not 
have the space for is a de¬ 
scription of the various sat¬ 
ellite systems and image 
products. Your best source 
of information in that area 
is the New Weather Satel¬ 
lite Handbook, available 
at your local library (out of 
print). This publication pro¬ 
vides all of the information 
on the satellites, their video 
formats, tracking and an¬ 
tenna alignment, construc¬ 
tion of receivers, antennas, 
test equipment, and a full 


range of construction proj¬ 
ects for FAX and CRT image 
display. If you are into satel¬ 
lites, you probably have the 
book already and can move 
directly to the CoCo scan- 
converter project If you are 
new to the game, you had 
better find a copy so that 
you are ready to go when 
your hardware is on-line. 

The Weather-Satellite 
Interface 

At this point we will deal 
with how to condition and 
process the satellite signal 
for proper input to the 
CoCo. Satellite mode is rel¬ 
atively unimportant in the 
discussion which follows. 
Simply keep in mind that 
we are dealing with an am¬ 
plitude-modulated 2400- 


Hz tone (black = mini¬ 
mum and white = maxi¬ 
mum) with line rates of 
either 120 or 240 Ipm 
(equivalent to either 2 or 4 
Hz). 

Each of the circuit de¬ 
scriptions to follow has 
several sections. The Func¬ 
tion description tells what 
the circuit does; the Opera¬ 
tion section describes how 
it works; the Construction 
section will describe any 
specifics that need be ob¬ 
served in laying out or wir¬ 
ing the circuit; the Adjust¬ 
ment section tells how to 
set up that part of the sys¬ 
tem. Actual operation of 
the complete interface will 
be described under "Sys¬ 
tem Operation." 


• Computerized "zooms" 
on any portion of the im¬ 
age in memory. 

• The ability to rotate im¬ 
ages by 180 degrees, thus 
eliminating the upside- 
down pictures characteris¬ 
tic of south-to-north polar- 
orbiting passes. 

• The capacity to en¬ 
hance the contrast of the 
satellite picture —a real 
boon in the case of infrared 
polar-orbit imagery. 




Main-Board Pinouts 

Schematic 

Designation I/O Function 
A Ground 

B -t- 5 V (If regulator off board) 

C +12 V 

D -12 V 

E Video in from S1A 

F Age meter 

G Contrast control 

H Contrast control 


J Clock out to J4 

K Clock out to SIB 

L To Phase switch 

M To 120/240 Ipm switch 

N Sync out to J6 

O To Reset switch 

Front-Panel Controls and Indicators 
Power switch (If supply internal) 
Power lamp 
120/240 Ipm switch 
Phase switch 
Reset switch 
Age meter 
Contrast control 
RCV/Tape switch 

Rear-Apron Connections 
Power Ac or dc 

RCV From station receiver 

RC Out Right-channel tape output 

RC In Right-channel tape input 

LC Out Left-channel tape output 

LC In Left-channel tape input 

Sync To CoCo serial port 

Video CoCo right joystick port 

Main-Board Controls and Indicators 
Age threshold R1 

Black level R31 

Clock freq. Cl 7 

Vco lock R42 

Sync lock D9 Indicator 

Table 1. Packaging data. 


One final note. It is as- prototype card or on a PC 
sumed that the interface board available from one 
will be wired on a plug-in of several vendors. The pin- 
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out designations in the fol¬ 
lowing descriptions are ar¬ 
bitrary and the actual pin¬ 
outs on your board will 
have to be related to these 
designations. Table 1 is 
provided to summarize the 
pinout designations used in 
the descriptions to follow. 
This information can be re¬ 
lated to your board docu¬ 
mentation or consulted as 
you work up your own lay¬ 
out. A list of vendors 
known to be supplying 
boards, kits, and wired- 
and-tested units is includ¬ 
ed in Part I of this article. 

Automatic Gain Control 
(See Fig. 1) 

Function. Since weather- 
satellite video involves am¬ 
plitude modulation of an 
audio tone, the various 
video circuits are sensitive 
to peak subcarrier levels. 
With multiple satellite vid¬ 
eo sources, different re¬ 
ceivers, tape systems, etc., 
constant readjustment of 
video-input levels would 
be required to maintain 
an acceptable gray-scale 
range. The automatic-gain- 
control (age) circuits pro¬ 
cess signals of varying lev¬ 
els, delivering a signal of 
constant peak amplitude 
to the rest of the video pro¬ 
cessing circuits. Thus the 
video system functions 
with minimal adjustment 
over a wide range of input 
levels. 

Operation. Video from 
the receiver is routed to J2 
(Receiver) with J1 (RC In) in 
parallel to provide the ca¬ 
pability to simultaneously 
display and record receiver 
signals. Video from the 
tape recorder is connected 
to J3 (RC Out). Selection of 
either receiver or recorder 
video is by means of the 
RCV/Tape switch (SiA). 
The video line from the 
switch enters the interface 
board at pin E with the Age- 
Threshold control (R1) 
functioning as a load 

From R1, the signal is 
routed through a two-stage 
diode network (D1-D4) 


which provides attenua¬ 
tion as a linear function of 
the control voltage on the 
age bus. From the attenu¬ 
ator, the signal is routed 
through a three-stage age 
amplifier (Q1-Q3) with a 
fixed voltage gain of 100. 
Normally the output of this 
amplifier is about 2 V p-p. 
The amplifier drives the 
age detector (Q4) which de¬ 
velops the age control volt¬ 
age on its collector. The at¬ 
tack time constant of the 
detector is a function of C6 
and R14 while the decay 
time constant is deter¬ 
mined by C8, R15, and the 
series resistance of R3 and 
the 50-microamp age me¬ 
ter (Ml). 

If the peak input signal 
should increase, the age 
bus voltage will rise, in¬ 
creasing the attenuation in 
the diode network and low¬ 
ering the output of the age 
amplifier to its previous 
value. Similarly, should in¬ 
put peak level decrease, 
the age bus voltage will 
drop, decreasing input at¬ 
tenuation and raising the 
output of the age ampli¬ 
fier. The output of the age 
amplifier chain, main¬ 
tained at a relatively con¬ 
stant peak level, drives the 
remaining video circuits at 
point (1). The age meter 
serves to indicate the age 
control voltage and is used 
to ensure that input signals 
produce control voltages 
in the most linear portion 
of the age response curve 
(1-2 V). 

Construction Note that 
Q4 is a PNP transistor and 
must be installed with its 
emitter on the 12-V bus. 
Also note the polarity of C6 
which is oriented different¬ 
ly from all of the other tan¬ 
talum coupling capacitors. 

Adjustment. For best re¬ 
sults, the output from the 
receiver should be tapped 
at the top of the volume 
control through a ,1-pF 
coupling capacitor to pro¬ 
vide a constant output lev¬ 
el that is independent of 
the receiver volume-con- 






trol setting. With noise out¬ 
put from a vacant satellite 
channel, adjust the Age- 
Threshold control (R1) for 
an age-meter (Ml) reading 
of 15. The output of the 
tape recorder should be ad¬ 
justed to produce an age- 
meter reading between 10 
and 20. 

Video Circuits 
(See Fig. 2) 

Function. The video cir¬ 
cuits provide subcarrier fil¬ 
tering, detection, post-de¬ 
tection filtering, and gain 
adjustments to properly 
drive the joystick (A/D) in¬ 
put. 

Operation. Video from 
the age amplifier (point 1) 
is routed through an active 
bandpass filter (U1A) with 
a center frequency of 2400 
Hz, a bandwidth of 1600 
Hz, and unity gain. The fil¬ 
tered output drives a vari¬ 
able gain stage (U1 B) with 
gain set by the front-panel 
Contrast control (R20). 

U2A and U2B comprise a 
precision full-wave detec¬ 
tor that generates a nega¬ 
tive-going signal contain¬ 
ing the modulation enve¬ 
lope superimposed on 
the post-detection 4800- 
Hz subcarrier component. 
U2C is an active low-pass 
filter with a nominal cutoff 
frequency slightly above 
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500 Hz. The roll-off charac¬ 
teristics of this filter ensure 
optimum resolution in the 
highest-resolution sam¬ 
pling modes. 

U2D is an inverting am¬ 
plifier that adjusts the 
video signal to the 0-5-V 
range required for the joy¬ 
stick A/D input. The offset 
is adjustable (R31) to set 
the desired black level 
while the Contrast control 
provides the drive adjust¬ 
ment that determines the 
maximum white level. D8 
provides white-level clip¬ 
ping at 5.1 V. The detected 
waveform is routed off the 
main board at pin I and on 
to J 7 (Video) on the rear 
apron. The center conduc¬ 
tor of the mating jack for 
J7 is connected to pin 1 of 
the joystick plug while the 
shell (ground) is connected 
to pin 3 of the joystick 
plug. 

Construction. The front- 
panel Contrast control 
should be wired so that 
minimum resistance cor¬ 
responds to maximum 
CCW rotation of the con¬ 
trol shaft. The joystick plug 
can be a hard item to ob¬ 
tain. The easiest approach 
is to disassemble a stan¬ 
dard CoCo game joystick, 
since you get the plug with 
cable attached. The phono 
plug to J7 should be wired 


with the yellow lead to the 
center pin and the black 
wire to the shell. 

Adjustment. Proper vid¬ 
eo adjustment requires 
the age circuits to have 
been set up previously. Pre¬ 
set the Contrast control 
(R20) to the maximum 
CCW position and preset 
R31 so that the wiper arm is 
at ground potential. With 
the program running and 
video at the input, adjust 
R31 to just before the point 
where the black back¬ 
ground starts to gray out. 
Then adjust the Contrast 
control for the most pleas¬ 
ing gray-scale response. 

Line Synchronization 
(See Fig. 3) 

Function. The business 
of transferring incoming 
video into memory must be 
very closely related to the 
satellite line rate. The ac¬ 
tual loading operation is 
initiated by line-sync 
pulses which must occur at 
the same rate at which the 
satellite video is being 
transmitted and at the 
same time a line of satellite 
video begins. The line-syn¬ 
chronization circuits pro¬ 
vide an accurate 2-Hz (120- 
Ipm) or 4-Hz (240-lpm) trig¬ 
ger pulse to control the 
loading operation and also 
provide for proper phas¬ 
ing—the ability to shift the 


position of the line-loading 
pulse to ensure that it coin¬ 
cides with the beginning of 
satellite video lines. In ad¬ 
dition, provisions are in¬ 
cluded to ensure the re¬ 
quired timing accuracy for 
both live and tape-record¬ 
ed imagery. 

Operation. The heart of 
the sync circuit is a phase- 
locked-loop (PLL) tone-de- 
coder chip (UB) which is 
designed to lock to a 2400- 
Hz reference signal at 
point (2). Sources for this 
reference tone are dis¬ 
cussed under the heading 
of “Clock Circuits," below. 
With 2400 Hz applied at 
point (2), the internal volt¬ 
age-controlled oscillator 
(vco) of UB will lock to this 
signal since the vco adjust¬ 
ment control (R42) of U8 
has been set to free-run 
near 2400 Hz. When U8 has 
locked to the tone at point 
(2), an internal-control tran¬ 
sistor pulls low and lights 
an indicator LED (09- 
Sync Lock) to show that 
lock has occurred. The 
2400-Hz vco signal is buff¬ 
ered to TTL levels by Q5 
and applied to a set of 
gates in U9. U9 controls the 
phasing function which 
will be discussed below. 

For the moment, let us 
assume that the 2400-Hz 
vco-derived signal is gated 
through U9 and on to U10 
— a divide-by-12 counter. 
Two outputs are available 
from U10 —a divide-by-6 
output (400 Hz) at pin 8 and 
a divide-by-12 output (200 
Hz) at pin 12. U11 is wired 
as an SPDT digital switch 
which selects the 400-Hz 
output in the 240 position 
of the Ipm switch (S3) or 
200 Hz in the 120 position. 
The output of U11 is rout¬ 
ed through two decade 
counters (U12 and U13), 
providing a total frequency 
division of 100. With the 
Ipm switch in the 240 posi¬ 
tion, the output of U13 is a 
4-Hz square wave, while in 
the 120 position it is a z-Hz 
square wave. The output of 
U13 triggers a single-shot 






Photo D. A full-frame display of a "standard" 120-lpm 
Soviet METEOR display. The 120-lpm METEOR imagery 
does a great job on clouds but land/water features are dif¬ 
ficult to discern unless lighting angles are almost perfect. 
240-lpm "advanced" METEOR transmissions do a superb 
job on land/water features but these spacecraft are ap¬ 
parently still experimental and hence their service life 
seems short; they are on only intermittently. 


(U14) which provides a 
5-ms line-trigger pulse at 
either a 4-Hz or a 2-Hz rep¬ 
etition rate. This pulse is 
buffered by U15 to RS- 
232 levels to drive the 
CoCo serial port via the 
Sync connector (J6) on the 
rear apron. The Reset 
switch —a normally-open 
push-button —is wired to 
provide +12 V to the 
RS-232 line for manual 
reset. 

Although the PLL and 
digital dividers provide the 
proper line-trigger rate, 
they are not sufficient to 
ensure that triggering is in 
phase—a condition where 
the line-trigger pulse corre¬ 
sponds to the start of a line 
of satellite video. Since it is 
desirable that the interface 


be usable in a wide variety 
of FAX formats, a simple 
manual-phasing circuit is 
provided. U9A buffers the 
vco-derived 2400-Hz tone, 
which then is applied to 
one input (pin 12) of U9C 
The other input (pin 13) is 
derived from the output of 
(J9B. This input is normally 
high since one input of U9B 
(pin 1) is normally held low 
by the normally-closed 
Phase push-button switch 
(S2). 

Thus the 2400-Hz refer¬ 
ence signal is typically gat¬ 
ed through U9C, through 
U9D (a simple buffer), and 
on to the divider chain 
When the Phase switch is 
pressed, however, it will 
open, causing the pin-1 in¬ 
put of U9B to go high. The 


output of U9B is then con¬ 
trolled by the status of the 
other input—pin 2. This pin 
is connected to the Q out¬ 
put of the 5-ms single-shot. 
Normally this pin is low, but 
for 5 ms of each line, the 
SS-trigger interval, pin 2 of 
U9B is pushed high, caus¬ 
ing the output of U9B to go 
low for the 5-ms trigger in¬ 
terval. 

This prohibits the 2400- 
Hz reference signal from 
going through U9C for the 
5-ms interval, causing a 
5-ms counting error once 
each line pulse for as long 
as the Phase switch is de¬ 
pressed. This causes the 
trigger repetition rate to be 
slowed (by about 2%), and 
since the trigger rate and 
the satellite line rate are no 
longer in step, the edge of 
the satellite image will mi¬ 
grate toward the left edge 
of the TV screen when the 
Phase switch is held open. 
When the left picture edge 
is aligned with the left edge 
of the TV screen, indicat¬ 
ing a properly phased dis¬ 
play, the Phase switch is re¬ 
leased, the output of U9B 
goes high, and the 2400-Hz 
signal is gated through U9 
without interruption, thus 
restoring the proper trigger 
rate. 

Construction. The only 
note here is not to confuse 
the Reset and Phase push¬ 
button switches. The Reset 
switch is a normally-open 
type while the Phase 
switch is normally closed. 

Adjustment. With 2400 
Hz applied at point (2), ad¬ 
just the vco adjustment 
control on the board (R42) 


until the Sync-Lock indica¬ 
tor on the board (D9) 
comes on. R42 should be 
set to the midpoint of the 
range where D9 provides a 
solid lock indication. A 
logic probe on pin 6 of U14 
will show a series of short, 
high pulses indicating the 
proper operation of the di¬ 
vider chain. The pulses 
should be noticeably faster 
in the 240 position of the 
Ipm switch than they are in 
the 120 position 

Clock Circuits 
(See Fig. 4) 

Function The clock cir¬ 
cuits are designed to pro¬ 
vide a 2400-Hz reference 
signal for both real-time 
and recorded-image dis¬ 
play. The subcarrier signals 
of the US COES and 
TIROS/NOAA spacecraft are 
phase-locked to the video 
line rate and could be used 
as a frequency reference. 
Unfortunately, this is im¬ 
practical for several rea¬ 
sons. In the case of the 
GOES spacecraft, occa¬ 
sional modulation anoma¬ 
lies will drop the subcarrier 
black level to 0%, causing 
the line-sync circuits to 
lose lock and hence syn¬ 
chronization. 

In the case of the TIROS/ 
NOAA spacecraft, signal 
fades resulting in high 
noise levels also can cause 
sync lock to be lost. In ad¬ 
dition, the standard Soviet 
METEOR spacecraft have 
subcarriers that are not 
locked to the video line 
rate and hence cannot 
serve as a suitable frequen¬ 
cy reference. HF FAX sig¬ 
nals have a variable sub¬ 
carrier frequency (subcar¬ 
rier FM modulation identi¬ 
cal to the video swing for 
SSTV) so that sync lock is 
not possible with these ser¬ 
vices. 

In order to make the in¬ 
terface compatible with 
the greatest range of FAX 
services, a crystal-con¬ 
trolled 2400-Hz signal 
source is employed. The 
crystal sync source is used 
directly during live image 




Photo E. Example of High Resolution 1 sampling of an IR 
WEFAX frame such as in Photo A. It shows a frontal system 
extending down the central Dakotas into Nebraska. 


Photo F. The area in Photo E six hours later. In the upper- 
left corner of the image you can see that the front has in¬ 
tensified and that the system has moved into eastern South 
Dakota with some low-altitude clouds (indicated by their 
darker-gray color) moving into western Iowa. 


display and is also record¬ 
ed on the left channel of a 
stereo tape system while 
the video subcarrier signal 
is simultaneously recorded 
on the right channel. Dur¬ 
ing playback, the line-sync 
PLL is locked to the record¬ 
ed tone on the left channel 
and will effectively track 
frequency variations 
caused by tape speed 
changes during recording 
and playback, thus main¬ 
taining line synchroni¬ 
zation. 

Operation. U3 functions 
as a crystal-controlled os¬ 
cillator/buffer operating at 
2.4 MHz with fine frequen¬ 
cy adjustment provided by 
Cl7. The 2.4-MHz signal is 
divided by 1000 using three 
decade counters (U4, U5, 
and U6). The 2400-Hz 
square-wave output from 
U6 is passed through a 
2400-Hz active filter stage 
(U7) to convert the square 
wave to a sine wave. When 
the RCV/Tape switch (SIB) 
is in the RCV position, the 
PLL tone detector in the 
line-sync circuit is driven 
directly by the 2400-Hz 
crystal reference. A sample 
of the 2400-Hz signal also 
is routed to the left chan¬ 
nel input of the recorder 
(LC In) at J4. With the 
switch in the Tape position, 
the PLL is driven by the sig¬ 
nal recorded on the left 
channel (LC Out) via J5. 


Adjustment. The only 
operational adjustment is 
to set the oscillator output 
accurately to 2.4 MHz by 
adjusting Cl 7 This can be 
accomplished in one of 
three ways: 

(1) Connect a frequency 
counter to pin 8 of U3 and 
adjust Cl 7 for a frequency 
of 2.4 MHz to the resolu¬ 
tion limits of the counter 

(2) Calibrate a receiver 
using WWV and a crystal 
calibrator. Connect a short 
test lead to pin 8 of U3, 
loosely coupling the lead 
to the receiver input. Ad¬ 
just Cl 7 to obtain precise 
zero beat at 2 4. 4.8, or 7.2 
MHz. The latter frequency 
is useful for ham-bands- 
only transceivers. 

(3) Display live images 
using the interface and 
WEFAX software If the 
picture margin drifts to the 
right as the image reads 
out, the oscillator frequen¬ 
cy is high. If it drifts to the 
left, the frequency is low. 
Adjust Cl 7 until the mar¬ 
gins are precisely vertical. 

Packaging and 
Power Supplies 

There is an old saying in 
the home construction 
game that once you have 
the boards wired you may 
be almost half done! What 
kind of packaging you use 
is pretty much up to you. In 
the case of the WB8DQT 


prototype, the display 
board was placed in its 
own metal enclosure with 
a 5-V regulator chip to run 
the board off the station's 
+12-V bus. Display-board 
power drain was measured 
at 600 mA. 

The interface board was 
dropped into its own cabi¬ 
net along with a small re¬ 
ceiver. The +5-V interface 
requirements were taken 
care of with a 5-V regulator 
chip on-card and the cur¬ 
rent drain on the +12-V 
bus was 280 mA. The —12- 
V drain was minimal — 
slightly less than 20 mA. 
Required front-panel con¬ 
trols and indicators in¬ 
clude the 120/240 Ipm 
switch, the RCV/Tape 
switch, the Phase and Re¬ 
set push-button switches, 
the Contrast control, and 
the age meter. If the power 
supply is internal, you will 
also need a power switch 
and a power-indicator 
lamp. 

The rear apron tends to 
be a busy-looking place 
with lots of cables heading 
off to other gear There are 
a total of five audio leads 
— RCV (receiver output), 
RC In and LC In (right- and 
left-channel tape-deck in¬ 
puts), and the RC and LC 
Out jacks (tape-deck right- 
and left-channel outputs) 


—where you should use 
standard shielded audio 
cables (phono-plug termi¬ 
nations) for the intercon¬ 
nections. The Video cable 
runs from the rear apron to 
the right joystick port of 
the CoCo while the Sync 
cable runs from the inter¬ 
face rear apron to the 
CoCo serial port Although 
not absolutely necessary, it 
is helpful if the output 
from the receiver has a 
constant level —if only to 
simplify maintaining con¬ 
stant recording levels. A 
shielded audio lead cou¬ 
pled to the top of the 
receiver volume control 
through a .1-uF capacitor 
should do the job nicely 
with most receivers. 

Tape Equipment 

Obviously, the minimal 
satellite installation con¬ 
sists of the interface, dis¬ 
play board, 64K CoCo, and 
your satellite-receiving 
gear. In order to make the 
most of the program fea¬ 
tures, however, you really 
should include a good (by 
music standards) cassette 
or reel-to-reel stereo tape 
deck. Regular cleaning and 
pressure-pad maintenance 
will keep almost any re¬ 
corder up to par if you use 
high-quality tape. Taped 
transmissions never have 
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Photo C. A High Resolution 1 image obtained from a Photo H. The HR-2 format for Photo C. Lake Superior takes 

NOAA 7 visible-light APT pass showing the Great Lakes in up much of the image area. The resolution of the HR-2 for- 

considerable detail. A multitude of small lakes are clearly mat equals the theoretical resolution limit for APT and 

visible in southern Canada. For the ultimate in high resolu- WEFAX imagery and reveals details that are beyond the ca¬ 

tion you can use the HR-2 format as shown in Photo H. pacity of most systems. 


quite the quality of "live" 
displays, but you will rare¬ 
ly notice the difference in 
practice. All of the photos 
used to illustrate this arti¬ 
cle are taken from tape, 
and the versatility of the 
program routines possible 
with tape makes it well 
worth the marginal loss in 
image quality. 

In order to keep things 
simple, recordings should 
be made at constant input 
and output levels. The out¬ 
put level is easy —simply 
set it for maximum on both 
the left and right channels 
for most decks Assuming 
the system has been set up 
as specified (video into the 
right channel, sync into the 
left), you should set the 
left-channel recording lev¬ 
el for 0 VU with the inter¬ 
face running. With the re¬ 
ceiver set to an empty 
channel (no satellite 
signal), set the right-chan¬ 
nel recording level for a 
mid-range reading ( — 10 to 
- 7 VU on most decks) us¬ 
ing the noise output of the 

source 

System Operation 

What follows will be a 
very brief outline of the op¬ 
eration of the major rou¬ 
tines in the present WEFAX 
Rev.3 program available 


from K6AEP. The software 
will certainly evolve with 
time, but most of the evo¬ 
lution will be "bells and 
whistles" in the sense of 
new routines. The basic 
image-display routines 
should remain fairly stable 
and you should have little 
trouble relating the instruc¬ 
tions which follow to the 
extensive program docu¬ 
mentation you will receive 
with your software. 

As we discuss program 
features, we will have oc¬ 
casion to talk about two 
different displays—what 
we will call the "CoCo dis¬ 
play" and the "image dis¬ 
play.” The CoCo display is 
simply the normal comput¬ 
er monitor where prompts, 
menus, and inputs are dis¬ 
played. The image display 
is the monitor where the 
output of the display board 
is viewed. 

Loading the Program In¬ 
sert the cassette and re¬ 
wind if required. Preset the 
cassette volume level to 
about 5, set the cassette 
recorder to play, type 
CLOADM, and hit the 
<ENTER> key. The cas¬ 
sette machine will start to 
run and an S will flash in 
the upper-left corner of the 
CoCo display. The display 
board and interface should 
be powered up at this time, 


but pay no attention to the 
image display—expect gar¬ 
bage! When the WEFAX 
program is found, the flash¬ 
ing S will change to a flash¬ 
ing F and a short notice will 
print out to the effect that 
the WEFAX program is 
loading and will execute 
automatically when load¬ 
ed. This magic event is easy 
to spot—you will suddenly 
get the main menu display 
(shown in Fig. 6) and the im¬ 
age display will show a ran¬ 
dom but static pattern 
based on the contents of 
the display RAM at pow¬ 
er-up. 

Virtually everything in 
the program starts with the 
main menu, and no matter 
where you are in the pro¬ 
gram you almost always 
can get back to this menu 
by hitting the <CIEAR> 
key on the CoCo keyboard. 
If you find the random-im¬ 
age display a bit discon¬ 
certing, you can get a gray¬ 
scale display (actually col¬ 
or bars) by typing I fol¬ 
lowed by G followed by 
<CLEAR>. If your monitor 
is like most, you will have 
considerable vertical over¬ 
scan on the image display 
We would suggest adjust¬ 
ing the monitor height con¬ 
trol to compress the dis¬ 
play slightly to minimize 
the loss of picture informa¬ 


tion at the top and bottom 
of the screen. 

Notes on Contrast Set¬ 
tings. At this point we will 
assume that the interface 
has been checked out as 
noted in the Adjustment 
section of each circuit de¬ 
scription. If not, this is the 
point at which to complete 
checkout. The only vari¬ 
able that remains to be 
considered is the proper 
Contrast setting for each 
class of satellite, The first 
time or two you display a 
given type of picture you 
can expect to jiggle the 
Contrast setting until you 
get the best image display 
for that mode Once you 
have determined the opti¬ 
mum setting for each 
mode, you should mark it 
on the front panel You 
probably will end up with 
distinctly different settings 
for WEFAX, APT Visible. 
APT IR. 120-lpm METEOR, 
and 240-lpm METEOR Al¬ 
ternatively, you may wish 
to install a small rotary 
switch on the front panel 
to switch in a small PC pot 
for each mode. With the 
switch positions properly 
labeled, you need only op¬ 
timize each pot in turn, 
after which you can use a 
switch setting appropriate 
to the mode you wish to 
display. 
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Primary Image Display 

General Notes. The Inter¬ 
face RCV/Tape switch 
should be set to RCV for 
"live" display directly from 
the receiver or to Tape for 
recorded display. Early ex¬ 
periments are best done 
with tape as you can 


always rewind the tape if 
you make a mistake, or you 
can display a full frame fol¬ 
lowed by one of the high- 
resolution formats, etc. 

All image displays will 
begin with the R option 
from the main menu. This 
will reset the image display 






Fig. 5. Diagrams of line-sync pulses for the various satel¬ 
lite-video formats. Proper phasing of satellite pictures re¬ 
quires recognition of each kind of pulse. The Phase switch 
is pressed until the desired sync pulse moves across the 
screen and just off the left edge of the display, (a) shows 
the WEFAX line pulse—a simple black bar on a white 
background. It is transmitted during the phasing interval at 
the start of a COES or METEOSAT frame transmission, (b) 
shows the sync pulse for NOAA visible-light APT imagery. 
It consists of seven cycles of 1040-Hz subcarrier modula¬ 
tion, followed by a black interval representing the 
scanner's view of space just prior to the start of the earth 
scan. Once each minute a white minute marker bar will in¬ 
terrupt the black space scan. The essential cues for the vis¬ 
ible-light sync pulse are the black space scan and usually 
high-contrast video in the earth scan, lust to the left of the 
pulse train is a telemetry signal that is displayed as hori¬ 
zontal grayscale data, (c) shows a typical infared (IR) line 
pulse in the NOAA APT format. This pulse is also seven 
cycles in length but it is seven cycles of 832-Hz modula¬ 
tion so it is somewhat wider than the visible-light pulse. 
The IR pulse is followed by a white interval (cold) repre¬ 
senting the space scan. The earth scan is typically quite 
white and low in contrast. IR minute markers are black. To 
the left of the pulse is a telemetry grayscale pattern simi¬ 
lar to that of the visible-light pulse, (d) is the line-sync 
pulse for standard 120-lpm METEOR imagery—a long 13- 
cycle pulse that is very easy to recognize. The earth scan 
data is immediately to the right of the pulse while vertical 
grayscale stripes are immediately to the left of the pulse. 
All of these pulses are enlarged illustrations—much as 
you might see with the HR-1 or HR-2 display formats. They 
are quite easy to recognize in full-frame display however, 
once you are familiar with their appearance. 

28 73 Magazine • December, 1984 


and the incoming picture 
will begin to read out. At 
the same time, a secondary 
menu (Fig. 7) wil I appear on 
the CoCo display and will 
provide you with your dis¬ 
play options following 
phasing. The image display 
can be "frozen" at any 
time by hitting the 
<CLEAR> key, and the 
CoCo display will return to 
the main menu. 

WEFAX Display. Set the 
120/240 Ipm switch to 240. 
When you hear the charac¬ 
teristic 300-Hz "start" 
tone, simply hit R from the 
main menu and watch the 
display. You should see a 
white background with a 
vertical black bar some¬ 
where in the image display 
area (shown in detail in Fig. 
5(a). Press and hold the 
Phase switch and this bar 
should march step-wise to¬ 
ward the left edge of the 
image display area. Allow 
the bar to move off the dis¬ 
play to the left and release 
the Phase switch. About 20 
seconds after the end of 
the start tone you should 
hear some rough subcarrier 
modulation as the picture 
header begins to print out. 

At this point, press key 1 
and the WEFAX picture 
will begin to display from 
the top of the image dis¬ 
play area. When the dis¬ 


play reaches the bottom of 
the screen, press the 
<CLEAR> key to freeze the 
image and return you to 
the main memory. Note 
that with the US COES 
spacecraft the picture 
starts about 20 seconds 
after the start tone. The Eu¬ 
ropean METEOSAT delays 
only five seconds, so you 
will have to hustle to com¬ 
plete the phasing oper¬ 
ation. 

Photo A shows a typical 
infrared (IR) WEFAX dis¬ 
play, while Photo B is a visi¬ 
ble-light example. 

APT Display Images 
from the TIROS/NOAA sat¬ 
ellites are transmitted con¬ 
tinuously in the APT for¬ 
mat and display can begin 
whenever the signal rises 
out of the noise and can 
continue until the space¬ 
craft begins to approach 
the opposite horizon. 
Preset the 120/240 Ipm 
switch to 120 and hit R 
from the main menu to 
start display. 

Phasing with APT is gov¬ 
erned by which image, visi¬ 
ble light or infrared, you 
wish to display. Daylight 
passes will have both for¬ 
mats available while night 
passes will have a black 
visible-light display and on¬ 
ly IR data will be useful. 


I - TEST INTERFACE 

R — RECEIVE HIGH DENSITY FAX 

L — RECEIVE LOW DENSITY FAX ON TRS80C 

D — DISPLAY IMAGE IN MEMORY 

Y — MEMORY CHANGE 

C — DISPLAY COLOR IMAGE IN MEMORY 

T - PRINT PICTURE ON SCREEN 

S — SELECT PRINTER SPEED 

E — CONTRAST ENHANCE PIX 

UP DOWN ARROW PICT UP DOWN 

Fig. 6. Main menu display, WEFAX program. 


WHILE VIEWING A FAX PIX 

KEY 1 = WEFAX, APT, ADV METEOR 

KEY 2 = STND METEOR 

KEY 3 = HIGH RES 1 

KEY 4 = HIGH RES 2 

KEY 5 = HF FAX FAST 

KEY 6 = HF FAX SLOW 

KEY R = ROTATE PICTURE 

ANY OTHER KEY WILL END 

Fig. 7. Secondary display menu, WEFAX program. 







Photo I. Polar-orbit infrared (IR) imagery in low contrast. 


Photo /. Once the display has been optimized using the 
Contrast control, the image in memory can be enhanced 
using the contrast enhancement routine. Unlike other rou¬ 
tines, enhancement alters the image in memory. 


The visible-light sync-pulse 
train is shown in Fig. 5(b) 
while the IR-sync-pulse se¬ 
quence is shown in Fig. 5(c). 
To display visible-light im¬ 
agery, simply press and 
hold the Phase switch until 
the visible-light sync pulse 
passes off the left edge of 
the display. If you want IR 
display, simply hold the 
Phase switch until the IR 
pulse has moved off the 
left edge of the image dis¬ 
play area. With either visi¬ 
ble or IR phasing com¬ 
plete, hit key 1 to restart 
the display from the top of 
the image display area. 

With a simple omnidi¬ 
rectional antenna you can 
expect to receive at least 
10 to 12 minutes of imagery 
on a good pass. If you 
keep the display going un¬ 
attended, the image will 
automatically reset as it 
reaches the bottom of the 
screen. For the first look at 
a pass, you may wish sim¬ 
ply to let it scroll in this 
fashion. Once you have an 
idea of the features of in¬ 
terest, you can run the tape 
again and when you get to 
the point where you want 
to display the material, 
simply hit either the inter¬ 
face Reset switch or key 1 
on the keyboard. Once the 
display fills up, simply hit 
<CLEAR> and the image 
display will be frozen while 
the CoCo display returns to 
the main menu. Photo C 


shows a sample of visible- 
light imagery from a day¬ 
light APT pass. 

METEOR Display. Soviet 
polar-orbiting METEOR 
spacecraft come in two va- 
rieties —the standard 
120-1 pm spacecraft and the 
rarer 240-lpm birds which 
are apparently still experi¬ 
mental. Both types of ME¬ 
TEOR imagery are restrict¬ 
ed to visible-light data 
from daylight passes For 
120-lpm METEOR display 
you should preset the 
120/240 Ipm switch to 120 
and hit R from the main 
menu to start display The 
120-lpm "standard" ME¬ 
TEOR sync pulse is shown 
in detail in Fig. 5(d). As the 
image reads out, press and 
hold the Phase switch un¬ 
til the sync-pulse train 
marches out of view to the 
left of the image display. 
Release the Phase switch 
and hit key 2. 

Like the APT format, ME¬ 
TEOR pictures are continu¬ 
ous and you can scroll 
through an entire pass or 
hit the Reset switch to reset 
the display whenever de¬ 
sired and the <CLEAR> key 
to freeze the image display 
and return to the main 
menu. Photo D illustrates 
the results from a typical 
"standard" METEOR pass. 

240-lpm "advanced" ME¬ 
TEOR operation is similar 
except that the 120/240 


Ipm switch should be in the 
240 position and you 
should hit key 1 following 
phasing. 

High-Resolution Display 
In order to provide for 
the display of extremely- 
high-resolution data, two 
high-resolution formats. 
High Resolution 1 and High 
Resolution 2, are sup¬ 
ported by the WE FAX pro¬ 
gram. In each we sample a 
progressively smaller 
subset of the image with 
the capability of resolving 
finer detail. Prior to using 
one of these formats, you 
should display the entire 
image of interest to deter¬ 
mine what features you 
wish to emphasize. Once 
this has been done, note 
some easily-recognized 
feature a short distance 
above the feature you are 
interested in. This feature 
will be the "recognition" 
feature and will tell you 
when you should shift to 
the high-resolution mode. 

High Resolution 1. This is 
an intermediate format 
that will exceed the resolu¬ 
tion limits of most CRT sys¬ 
tems and many FAX dis¬ 
plays. Assuming you have 
located the picture-area of 
interest to you and a suit¬ 
able recognition feature, 
begin display with the 


main-menu R option and 
proceed to phase the im¬ 
age. In this case, however, 
you should phase the im¬ 
age so that the feature of 
interest will read out on the 
left half of the image dis¬ 
play area. Key either 1 or 2 
(depending upon mode) 
and watch for the recogni¬ 
tion feature. As it begins to 
read out, simply hit key 3 
and the High Resolution 1 
sampling will begin. When 
display is complete, hit 
<CLEAR> to freeze the dis¬ 
play and return to the main 
menu. Examples of HR-1 
images are provided in 
Photos E and G. 

High Resolution 2. The 
resolving power of this for¬ 
mat exceeds that of any of 
the satellite formats and 
you can expect to see de¬ 
tails that almost no one 
else can resolve Start with 
R and phase the display so 
that the feature of interest 
will read out just to the 
right of the left image 
display margin. Key either 
1 or 2 and watch for the 
recognition feature. As it 
starts to read out, hit key 4 
and your HR-2 image will 
load quickly. Press 
<CLEAR> to freeze the 
display and return to the 
main menu. 


An example of the HR-2 
format is provided in Photo 
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Photo K. A full-frame display from a NOAA polar-orbit 
pass. The Great Lakes region is buried under a huge com¬ 
pound frontal system shaped like an upside-down V. Now 
see Photos L and M. 



Photo L. An HR-1 display of the center of Photo K. The 
southern part of Lake Huron and all of Lake Erie can be 
seen between the open angle of the "V". 



H. This is a demanding for¬ 
mat due to the small area 
sampled but if you don't 
quite capture the area you 
want, simply run the tape 
back and try again. As you 
can see, the results are well 
worth the effort! 

Display Options 

Although most people 
would be quite happy just 
to be able to capture the 
full-frame or high-resolu¬ 
tion formats, there is still 
quite a bit that can be done 
once the image is in memo¬ 
ry! To access these func¬ 
tions, simply type D from 
the main memory and you 
will get a menu like that 
shown in Fig. 8(a). The func¬ 
tions you will use most 
often on this menu are 
summarized below. You 
can try these options in any 
order and as often as you 
like. Although the display 
will change with each op¬ 
tion, the original picture 
will remain unaltered in 
the main memory. 

(a) 

DISPLAY PIX IN RAM 
L = LOW DEN PIX 
R = ROTATE PICTURE 
T = TOP HALF 
B = BOTTOM HALF 
P = TOTAL PIX 
1 TO 8 QTR FRAME 


(b) 



(c) 


Photo M. An HR-2 view that reveals even greater detail, in¬ 
cluding a cloud stringer" stretching across Lake Huron, a Fig. 8. (a) Display options 
feature that is invisible in Photo K and barely resolvable in menu, (b) and (c] Zoom for- 
Photo L. mats. 
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Picture Rotation South- 
to-north passes of polar or- 
biters will read out a pic¬ 
ture in which south is at the 
top (start) and north at the 
bottom (finish); basically, 
the picture is upside down! 
If you type R from the dis¬ 
play memory the image 
display will be rotated 180 
degrees, and such inverted 
images will now be upright 
with north at the top. This 
neat software trick sure 
beats turning the monitor 
upside down or standing 
on your head to view the 
image! 

Top and Bottom Image 
Subsets. Although the im¬ 
age in memory is stored in 
a 256 x 256 format, the 
standard display board for¬ 
mat is 256 X 128, which 
means you lose some verti¬ 
cal resolution relative to 
the picture actually in 
memory. You can get all 
the resolution in memory 
by hitting either T or B, dis¬ 
playing the top or bottom 
half of the image in memo¬ 
ry, using the entire image 
display area. Although this 
will distort the aspect ratio 
slightly —the pictures will 
appear "stretched" verti¬ 
cally—it is a quick way to 
look for fine detail that 
may be lacking in the full- 
frame format. The T and B 
formats are shown in Figs. 
8(b) and 8(c). 

Image Enhancement. IR 
imagery —particularly APT 
— can appear quite white 
and washed out, especial¬ 
ly during the winter 
months, due to a lack of 
strong temperature differ¬ 
ences between land and 
sea surface and overlying 
clouds. Careful adjustment 
of the Contrast control will 
help, but the pictures still 
will be pale compared to 
their visible-light counter¬ 
parts. The E option from 
the main menu can help 
out in such cases. Once 
you have captured the pic¬ 
ture you want, you can en¬ 
hance contrast by a factor 
of 1.5 by typing E from the 














Fig. 9. An example of image printout using an Epson RX-80 
printer. This is an HR-1 image from a COES E infrared im¬ 
age of the United States (as in Photo A). This HR-1 view ex¬ 
tends from Texas in the lower left to northern Florida in the 
lower right. Michigan is in the upper right and the US/ 
Canadian border runs along the top. IR images display 
cold objects as white. The ground surface is warm and 
hence dark. Most of the cloud features in this view are 
mid-range gray, indicating relatively warm (and low) 
clouds. The white centers of the clouds in the Culf of Mex¬ 
ico and southern Georgia indicate colder and higher cloud 
features. 


When you do so, there 
will be a slight delay and 
then the E you have typed 
will disappear. If you type 
D followed by P, you can 
see your enhanced image. 
An example of a standard 
and an enhanced picture 
can be seen in Photos I and 
J Note that this routine 
should be used with care! 
Unlike all the other rou¬ 
tines discussed so far, it 
permanently changes the 
image in memory! If you 
don't like the results, you 
will have to reload the pic¬ 
ture from tape to get the 
original version back on 
the screen. Also, although 
there is no limit to how 
many times you can run 
the E routine on a picture, 
the image will tend to de¬ 
grade steadily after the 
first enhancement run. Vou 
can try additional passes 
through the routine if the 
first did not get you all that 
you expected, but don't 
say you weren't warned! 

Hard Copy. One of the 
beauties of scan conver¬ 
sion is that you can view a 
large number of satellite 
pictures without piling up 
costs for photographic sup¬ 
plies or FAX paper. Obvi¬ 
ously, however, there will 
be times where you would 
like to have a permanent 
copy of a particularly inter¬ 
esting picture. Photograph¬ 
ing the TV display is one 
option, and you can use 
relatively economical roll 
film since you do not need 
the pictures immediately. 

A second option is to use 
the T routine from the main 
menu. This will permit you 
to print the image being 
displayed using an Epson 
printer (MX-80 with the 
Craphtrax option, or the 
newer RX-80). An example 
of a full-frame printout is 
shown in Fig 9 Full-frame 
printouts will have lower 
resolution than the image 
displayed but will be quite 
useful in most applica¬ 
tions. The resolution of 
printouts from High Reso¬ 
lution 1 images is equal to 
that obtained with many 


CRT display systems. The 
advantage of the printer 
approach to hard copy is 
that the printer is useful in 
all other applications of 
your CoCo, so your hard¬ 
ware acquisition will have 
multiple uses. 

Low-Density 
TRS-80C Display 

Most of the remaining 
main menu functions that 
are available will not be 
discussed as they are more 
specialized and space is 
limited. The exception is 
the L routine which ap¬ 
pears on the main menu 
and also on the display 
menu. This is a routine that 
will print a low-resolution, 
limited gray-scale version 
of a satellite picture direct¬ 
ly on the TRS-80C display 
monitor without the use of 
the high-resolution display 
board. If you use a color 
monitor you should disable 
the color when using this 


option. The picture is quite 
crude and the routine is 
perhaps best used to check 
out the interface functions 
prior to getting the display 
board on line This routine 
will not be supported with 
future program revisions 
and may eventually be 
dropped if other new rou¬ 
tines have a higher priority. 

High-Frequency FAX 

Weather charts and al¬ 
most any imaginable kind 
of picture material are 
transmitted regularly on 
HF (SSB) using various FAX 
formats. All of these have a 
video "swing" identical to 
that of SSTV —1500-Hz 
black to 2300-Hz white. 
Since HF video is identical 
to SSTV video, you can 
simply drive the CoCo joy¬ 
stick port with the output 
of the SSTV demodulator 
while driving the serial 
port with this month's in¬ 
terface to provide line 


sync. The only change in 
recording an HF FAX signal 
is to route the output of the 
HF receiver to the right- 
channel input with the 
right-channel output going 
to the input of the SSTV de¬ 
modulator. 

The single biggest prob¬ 
lem with FAX is that the sig¬ 
nal does not contain a 
1200-Hz sync pulse, and 
since there are no interven¬ 
ing voice transmissions, 
the signal can be difficult 
to tune on SSB One possi¬ 
bility is to wire up a pair of 
NE567 tone decoders with 
LED indicators, one tuned 
to 1500 Hz (black) and the 
other to 2300 Hz (white). 
The circuit values shown 
for U8 on the interface 
should do just fine for such 
decoders. Phasing on HF 
FAX usually uses one of 
two formats—white video 
with a black framing mark¬ 
er or black video with a 
white framing marker. In 
either case, if you tune so 
that both indicators flash 
during phasing, you will be 
right on frequency. 

HF FAX uses several 
standard line rates —typi¬ 
cally 120 but also 60 and 
240 Ipm. Begin by typing R 
from the main menu and 
phase the picture. You can 
then try keys 2, 1, 5, and 6 
in sequence to see which 
gives the best display for 
the transmission in ques¬ 
tion. Once you have iden¬ 
tified the proper key for 
a specific station, you 
should log the information 
for future use. Again, as in 
the case of satellite trans¬ 
missions, recordings will 
let you experiment as long 
as desired to determine the 
optimum display format. 
Weather charts will tend to 
be disappointing due to the 
large amount of fine detail, 
but wirephoto transmis¬ 
sions yield excellent re¬ 
sults. The press frequen¬ 
cies for this sort of thing 
are not widely publicized, 
but several books are avail¬ 
able listing these and oth¬ 
er "confidential" HF fre¬ 
quencies. 
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Parts Ust 

(Weather-Satellite Interface) 


Transistors 

Q1-3,5 2N4401 (General purpose audio NPN) 

Q4 2N4403 (General purpose audio PNP) 


Integrated Circuits 

U1 

U2 

U3,9,11 


LM1458 (Dual 741/Mini-DIP) 
LM324 (Quad op amp) 

SN7400N (Quad NAND gate) 
SN7490N (Decade counter) 
LM741CN (741 op amp/MInl-DIP) 
NE567 (PLL Tone decoder) 
SN7492N (Divide-by-12 counter) 
SN74121N (Single-shot) 
MC1488P (RS-232 Une driver) 


Diodes 

DI-7,10 1N4001 

D8 5.1-V, 1-W zener 

D9 Radial mounting LED (sync lock) 


Resistors 

All values in Ohms. Unspecified units are 1/4 W, 5% composition or 
metal film. PC indicates A 1/4- to 1/2-W printed-circuit pot. Panel 
mounting indicates a standard panel-mounted pot. 

R1 10k PC (age threshold) 

R2, 4,32, 47 4700 

R3 47k 


R5, 6,16, 21, 22, 
24,26, 29, 30, 
35,38,39,41,48 
R7,12,15 
R8,14 
R9 

RIO, 19, 44, 45, 46 

R11 

R13 

R17.36 

R18,23,37 

R20 

R25 

R27,28 


10k 

56k 

120k 

22k 

1000 

1 

6800 

2700 

20k 

10k Panel mounting (contrast) 
1 megohm 
2200 


The Future 

The present CoCo FAX 
system offers extreme flex¬ 
ibility and excellent re¬ 
sults. One of us (WB8DQT) 
has all kinds of CRT and 
FAX display systems but 
has used little but the 
CoCo since we got the sys¬ 
tem up and running. If new 
routines prove to be useful 
or if new FAX formats ap¬ 
pear, they will be added to 
the software in an attempt 
to keep it as current and 
useful as possible. The 
guiding philosophy will be 
that inexpensive software 
upgrades are preferable to 
making extensive hardware 
modifications. 

There is a hardware op¬ 
tion, however, where you 
can expect to see develop¬ 
ments—the display board. 
The basic high-resolution 


display board is limited to 
a 256 X 128 format since 
only 16K of static RAM is 
used. Despite this limita¬ 
tion, the FAX results are 
quite good as evidenced by 
the photos in this arti¬ 
cle-all of which were pho¬ 
tographed from that stan¬ 
dard display-board output 
Some experimentation by 
K6AEP has shown that it is 
practical to load the dis¬ 
play board with as much 
as 32K of static RAM- 
enough to provide a 256 X 
256 display format! 

By the time this article 
appears. Multimode and L. 
W. Interface will offer both 
versions. The 256 X 256 
version is obviously a bit 
more expensive, but the 
display is capable of push¬ 
ing the resolution limits of 
most monitors. The WEFAX 
Ver. 3 software has been 
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R31 

R33.34 

R40 

R42 

R43 


1000 PC (black level) 


Capacitors 

Unless otherwise noted, capacitors should have a working voltage 
of at least 16 V. T indicates a dipped tantalum electrolytic, A an 
aluminum electrolytic (radial leads), M a dipped mylar™/paper 
capacitor, D a disc ceramic capacitor, SM a silver-mica capacitor, 
and MT a mica compression trimmer. All capacitance values in uF 
unless noted. 

Cl, 6,7,16,26,39 IT 
C2,3 22 T 

04,9,10,18,19,28 0.01 M 
C5.38 10 T 

C8 100 A 

C11,12,20,21,24, 

25 
C13 
C14 
C15 
C17 
C22 

C23, 31, 35 
C27 

C29,30,34 
C32,33,36,37 
Mlsc. 

XI 
Ml 
J1-7 

51 

52 

53 

54 

55 
LI 


0.1 M 
27-pF SM 
0.22 M 
0.047 M 

40- or 60-pF MT 
2.2 T 
4.7 T 

120-pF SM 
0.1 D 
0.01 D 

2.4 MHz at cut crystal/32-pF load/0.002% 
50-microamp panel meter (age) 
Swltchcraft 3501FR or other phono jack 
DPDT subminiature toggle (RCV/Tape) 
Normally-closed push-button (Phase) 
SPDT subminiature toggle (120/240 Ipm) 
Normal ly-open push-button (Reset) 

SPST toggle (power if supply internal) 
12-14-V LED or other panel lamp (power) 


modified (along with vari¬ 
ous SSTV options) to sup¬ 
port either 256 X 128 or 
X256 display. You can 
start with and stay with the 
first or later upgrade to the 
second and still use the 
same software. 

Conclusion 

Up to this point in time 
the differences in image 
formats and the equipment 
required for image process¬ 
ing have kept the various 
types of video experiment¬ 
ers separate and distinct. 
One of our goals has been 
to use the power of the 
6809 microprocessor as a 
flexible image-processing 
system. With the power of 
a 64K CoCo, some hard¬ 
ware interfaces, and flexi¬ 
ble software, the segrega¬ 
tion of ATV, SSTV, FAX, 
and the weather-satellite 


crowd is a thing of the 
past—not to mention CW 
and RTTY! For about what 
you would pay for a dedi¬ 
cated system for any one 
of these modes, you can 
have it all! 

If you stop to think that 
the same computer can 
calculate satellite orbits, 
keep your log, balance the 
checkbook, and teach the 
kids, we think you will 
agree that it will be a much 
easier job to sell the family 
on the "new" gear. Of 
course everything has its 
price. Once you are geared 
up you will have the terri¬ 
ble decision about which 
of all those modes you 
want to use when you fire 
up the rig! For that weighty 
question we can suggest 
only that you write a pro¬ 
gram to let the computer 
decide! ■ 




Bob Myers KC0t W 
413 Mgenuod Drivf 
Loveland CO BOS ' 


Transistors: A Biased Approach 

In Part I, KC0EW takes the mystery out of solid state 
with clear talk and practical examples. 


S ometimes I think things 
were a lot simpler in the 
good old days"—you know, 
vacuum tubes and all that. 
Then, you could visualize 
the electrons happily zip¬ 
ping from cathode to plate, 
with a varying charge on the 
grid adjusting the flow You 
even had a nice orange glow 
from the filament when you 
turned the thing on, a reas¬ 
suring visual indicator that 
something was happening. 
The transistor changed all of 
that—now all we have to 
look at are little metal cans 
that look just the same, on 
or off And the way they op¬ 
erate! All this talk about 
"electron/hole pairs" and 
"minority carriers" It's a 
miracle anything ever gets 
designed with these things, 
they're so hard to under¬ 
stand 

Wrong. Transistors aren't 
much more complicated 
than any other electronic 
device (they can be a lot 
simpler than tubes in many 
cases), but they do have 
their own way ot operating, 
and once you've learned a 
little about it and how to use 
them, everything's simple 

Fig. i. NPN (a) and PNP lb) 
transistors. 


So, let's get with it I'm not 
going to cover any solid- 
state theory here, just how 
to use these things in some¬ 
thing practical. Maybe we'll 
look at the theory some 
other time. 

Your basic, garden-variety 
bipolar transistor has exact¬ 
ly three leads—emitter, col¬ 
lector, and base. You can 
find which is which for the 
particular part you're work¬ 
ing with by checking the 
data sheet, but all transis¬ 
tors share two basic proper¬ 
ties in normal operation. 
First, the current flowing 
from collector to emitter is 
some multiple of the current 
flowing into (or out of) the 
base lead Second, the volt¬ 
age drop across the emitter 
and base is constant This 
applies only when operating 
in what's called the "active" 
mode, but we'll get to that in 
a moment. 

Fig. 1 shows the two types 
of bipolar transistors, the 
NPN, (a), which is drawn 
with the arrow on the emit- 



Fig 2. The NPN (a) and PNP 
fb) transistors biased for the 
"active" mode of operation. 
Note that the only difference 
is the polarity of the volt¬ 
ages. 


ter pointing away from the 
base, and the PNP. (b), 
drawn with the arrow point¬ 
ing in As a general rule, any¬ 
thing you do with one, you 
can do with the other if you 
swap all your polarities—a 
positive supply becomes a 
negative supply, etc Fig 2 
shows this Flere, the two 
transistors are shown with 
voltages set up between the 
three leads to put them in 
the active mode (Properly 
arranging the voltages, cur¬ 
rents, or whatever on a tran¬ 
sistor or any other device is 
called "biasing," and that's 
what this article is all about) 
For the NPN transistor to be 
active, the collector must be 
more positive than the base, 
which in turn must be more 
positive than the emitter 
The PNP is just the same, 
but here the collector is 
more negative than the 
base, and so on We ll limit 



Fig. 3. An NPN transistor 
with a network of resistors 
for biasing 


our discussion to the NPN, 
but remember that every 
thing will also apply to the 
PNP—just turn the voltages 
and currents around 

The active mode of oper¬ 
ation is the one most often 
used in linear circuits such 
as amplifiers, and in this 
mode the transistor is in¬ 
deed acting as an amplifier. 
The current flowing into the 
collector lead is directly 
proportional to the current 
into the base lead. The other 
two modes possible are "cut¬ 
off" and "saturation." Cutoff 
is exactly what you'd think — 
the transistor is turned 
off and no current flows 
at all. This occurs when (for 
the NPN) the base is less 
positive than the emitter 
Saturation occurs when the 
base is more positive than 
either the collector or emit¬ 
ter and means that the tran¬ 
sistor is passing all the cur¬ 
rent it can for that particular 
biasing. (Note that satura¬ 
tion does not mean that the 
transistor is carrying its max¬ 
imum rated current, only 
that it's carrying all that's 
possible for that particular 
setup.) 

There's another way to 
look at the modes of opera¬ 
tion we've just discussed 
The transistor can be viewed 
as two diodes, one from 
base to emitter and the 
other from base to collector 
(You can see it in the names 
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Fig 4. A simple transistor amplifier. If the dc level at the col¬ 
lector is too high for the signal level expectedthe output 
may clip as it tries to exceed the limit set by the supply volt¬ 


age ( Vcc :). 


NPN and PNP-two P-N 
junctions, or, in other words, 
diodes ) A transistor is active 
when the base-emitter diode 
is "forward-biased" (positive 
on the P side and negative 
on the N side) and the base- 
collector diode is "reverse- 
biased" (positive on N, nega¬ 
tive on P). Either way, you 
can tell how a transistor is 
operating just by figuring 
out how the voltages are ar¬ 
ranged around the three 
leads 

Fig. 3 shows an NPN tran¬ 
sistor along with four resis¬ 
tors which we can use to es¬ 
tablish the "dc operating 
point," in other words, to 
bias the transistor for proper 
operation. The dc operating 
point is usually specified in 
terms of the collector cur¬ 
rent and the collector volt¬ 
age when no signal is ap¬ 
plied. It's important because 
it will affect the operation of 
any circuit we build with the 
transistor 

For an example, let's sup¬ 
pose that the transistor is be¬ 
ing used as an amplifier, as 
in Fig. 4 With the supply 
voltage (Vcc) at ten volts, 
the collector voltage will de¬ 
termine how far the output 
can swing before clipping. 
If, say, the collector is at 7 
volts, we'd better not expect 
to get a signal out that 
swings any more than 3 volts 
positive—if it does, it'll run 
into the limit of the supply 
voltage and clip This isn't 
the only way the operating 
point is important, but you 
can see that it's not some¬ 
thing to ignore On to bias¬ 
ing 


Remember the two points 
I made earlier that the volt¬ 
age drop from base to emit¬ 
ter is constant and that the 
current flowing in the col¬ 
lector lead is some multiple 
of the base current The 
number you multiply the 
base current by to get the 
collector current is called 
beta. This may also be given 
as the Creek letter, ft. Both 
of these will affect the oper¬ 
ation of the transistor in any 
circuit, but beta is usually 
the more difficult of the two 
to handle. Not only will beta 
vary from part to part (some¬ 
times by as much as five to 
one or more), but even the 
beta of a given transistor 
will wander around as the 
temperature, collector cur¬ 
rent, etc., change. Designing 
for a stable operating point 
for varying betas is really 
what biasing is all about. 
Now, some practical ex¬ 
amples: 

For our first try, well ig¬ 
nore the base current of the 
transistor and thereby ig¬ 
nore beta. This really isn't 
such an unreasonable thing 
to do since if beta is high 
enough (and most small-sig¬ 
nal transistors sport a beta 
of at least 100), tine base cur¬ 
rent really is negligible com¬ 
pared to the collector cur¬ 
rent We'll use the NPN with 
a resistor network for bias¬ 
ing, as shown in Fig. 3. Now, 
if we ignore the base cur¬ 
rent, we can very quickly get 
some expressions for the 
currents and voltages in this 
circuit 

The point we're interested 
in is the collector—we want 



Fig. 5. The NPN transistor 
with some values for the 
biasing resistors. Ignoring 
beta, this circuit gives Vc = 
8 V and Ic = 9.2 mA. 


the voltage at the collector 
and the value for the collec¬ 
tor current which is flowing 
through Rc Obviously, by 
Ohm's Law, there must be a 
voltage drop across Rc of 
VRc = Ic X Rc, so the volt¬ 
age at the collector is just 
Vc = 10 V - VRc. The 
emitter current must be the 
same as the collector cur¬ 
rent (we're ignoring the base 
current, remember?), so the 
voltage at the emitter (the 
voltage across Re) is VRe = 
Ic X Re. 

Wait a minute! If the drop 
from base to emitter is con¬ 
stant, then the base will al¬ 
ways be a certain amount 
more positive than the emit¬ 
ter. This drop is around 0.7 
volts for a silicon transistor, 
so Vb = Ve + 0.7. Again, 
we're ignoring the base cur¬ 
rent, so Vb may be deter¬ 
mined easily—R1 and R2 
are just a divider, and Vb = 
10 X R2/(R1 + R2). 

Working backwards 
through the relations we dis¬ 
covered above, we can get 
the collector current (same 
as the emitter current) as Ic 
= ((10 X R1/(R1+R2)) - 
0.7)/Re. 

Fig. 5 shows the same cir¬ 
cuit with some values for 
the resistors. Using the 
above formulas, we can find 
the voltage at the base to be 
Vb = 10 V X (5kK5k + 5k) 
= 5 V and the voltage at the 
emitter to be Ve = 5 V — 
0.7 V = 4 3 V The emitter 
and collector currents are 
then Ic = le = 4.3 V/470 = 
9.2 mA and the collector 
voltage must be Vc = 10 V 
- (9.2 mA x 220) = 8 V 

If you build this circuit 



Fig 6. A simple digital-to-an- 
alog converter (DAC). As var¬ 
ious resistors are grounded 
through their switches, the 
voltage through the base, 
and therefore the output 
voltage, changes. 


(any small-signal silicon 
NPN should work), you 
should measure voltages 
very close to the ones we 
just calculated As a matter 
of fact, just using this type 
of analysis can allow us to 
design a practical circuit. 

What would happen, for 
example, if we could switch 
the values of R1 and R2 
around at will? One easy 
way to change this divider 
would be to put other values 
in parallel with R2, which 
will lower the resistance 
from base to ground. We 
might do this as shown in 
Fig. 6, with several different 
resistors tied together at the 
base and then individually 
switched to ground. A resis¬ 
tor whose switch is open 
would simply "float" and 
make no difference to the 
circuit whatsoever. Switch¬ 
ing different combinations 
of resistors in and out would 
vary the voltage at the col¬ 
lector. if we chose the 
values of these resistors 
properly, we could use this 
circuit as a digital-to-analog 
converter, or DAC DACs are 
used extensively to allow 
digital circuits, such as are 
found in microcomputers, 
to control analog voltages 

Fig. 7 shows a practical 
version of this simple DAC 
As the binary representation 
of the numbers 0 to 15 is fed 
into the 74LS05 (a 7405 or 
74S05 works just as well), 
the output (at the collector) 
will change in even steps 
from a maximum to a mini¬ 
mum value If the DAC is 


driven by a counter, such as 
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the 74LS163 shown in F ig. 7, 
the process will repeat over 
and over again and the out¬ 
put will appear to he a "saw¬ 
tooth ' wave With the 
values shown, the maximum 
voltage at the output will be 
around 10-11 V and the min¬ 
imum 2-3 V (These will vary 
somewhat due to part toler¬ 
ances and variations in the 


base-to-emitter voltage.) 
The 555 timer provides the 
clock for the counter, here 
at about 16 kHz. The output 
frequency will be 1/16 of this 
value, or about 1 kHz 

If you build this circuit 
and have access to an oscil¬ 
loscope, be sure to look at 
the signal on the base when 
the counter is running. 


Notice that it appears to be 
a smaller, inverted version 
of the sawtooth waveform 
seen at the collector Sur¬ 
prise! The transistor is really 
acting as a simple amplifier, 
taking the small signal we've 
made at the base and mak¬ 
ing a bigger copy of it at the 
collector. (The inversion of 
the signal is characteristic of 
this type of amplifier.) 

You may want to try your 
hand at designing one of 
these yourself. First, a word 
of advice: This is never going 
to be a very classy way to 
make a DAC, and variations 
in the resistors or the transis¬ 
tor itself can, as noted 
above, cause the output to 
change from the designed 
value by quite a bit. But it's 
kind of fun to try these 
things for yourself, so here's 
how. 

The 7405 is an inverter 
with "open-collector" out¬ 
puts. This means that the 
output pin is simply the col¬ 
lector of a transistor, and 
when an input is high, this 
transistor is switched on and 
effectively takes the output 
(the collector) to ground — 
the transistor, in other 
words, saturates. It won't ac¬ 
tually make it all the way to 
zero volts—there will al¬ 
ways be some small drop 
across this transistor, around 
0.2-0.3 V We can assume 
about 0.25 V for the pur¬ 
poses of this design. Thus, a 
high input will pull the resis¬ 
tor associated with that bit 
to 0.25 V. The drop across 
the resistor is the base volt¬ 
age minus 0.25 V. We start 
by setting up Re, Rc. R1, and 
R2 for the desired minimum 
output voltage at the collec¬ 
tor. In this stage of the 
design, assume that all of 
the "extra" resistors are 
floating—they can be ig¬ 
nored. 

With the minimum volt¬ 
age established by the basic 
biasing network, we can add 
the extra resistor to pull the 
base voltage down and so 
increase the collector volt¬ 
age. If you want to use a 
straight binary input such as 
the one shown here, calcu¬ 


late the value of the small¬ 
est resistance (the most sig¬ 
nificant bit of the input) first 
This may be done by figur¬ 
ing what the base voltage 
needs to be for an output 
voltage that's halfway be¬ 
tween the desired minimum 
and maximum—this is the 
most significant bit, remem¬ 
ber? Given this voltage, the 
current through R1 is found 
by subtracting this base volt¬ 
age from the supply and di¬ 
viding by the resistance of 
R1. Since we're ignoring the 
base current, the sum of the 
currents through R2 and Ra 
must equal the current 
through R1, and so we find 
the current in R2 next. This is 
simply the desired base volt¬ 
age divided by R2. Subtract¬ 
ing this current from the cur¬ 
rent in R1 gives the current 
that must be drawn by our 
most-significant-bit resistor, 
Ra. The value of Ra is just 
the drop across Ra divided 
by this current, or Ra = (Vb 
- 0.25)/la. 

The remaining resistors 
may be calculated in a simi¬ 
lar fashion, or for a straight 
binary DAC, each resistor 
will be twice the value of 
the one for the bit to the left. 
If we want a four-bit DAC, 
such as the one shown, and 
we calculate Ra to be 500 
Ohms, then Rb = 1000 
Ohms, Rt = 2000 Ohms, 
and Rd = 4000 Ohms. Use 
the nearest value available 
and use the most precise re¬ 
sistors available for best 
results. 

With this example, we've 
learned in a very basic way 
how the transistor may be 
biased to provide various 
desired levels at the output 
and even found a way to get 
it to act as a simple ampli¬ 
fier. But we haven't covered 
what's really going on with a 
bipolar transistor—the con¬ 
trol of the collector current 
by changing the base cur¬ 
rent. In Part II, we'll look at 
this action and work beta in¬ 
to our analysis of just how 
this little piece of silicon 
acts. (Thanks to Richard 
Herrington for the sugges¬ 
tion for the DAC circuit.)B 



Fig. 7. The DAC used to generate a "sawtooth" waveform. 
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Yikes! Spikes! 

You paid good money for that computer system. Now spend 
a few hours building an insurance policy against voltage spikes. 


H ow many of you com¬ 
puter users are aware 
of the damage caused by 
voltage spikes present on 
the ac line? These little 
gremlins can scramble pro¬ 
grams and destroy sensitive 
ICs. Commercial filters are 
available to alleviate these 
problems, but their cost can 
often exceed the price of 
your computer! So if you 
cringe every time the re¬ 


frigerator turns on. or if 
you are unaware that this 
potential problem even ex¬ 
ists, please read on. A little 
solder and an evening's 
work will produce a filter 
that will protect your invest¬ 
ment at a fraction of the 
commercial cost. 

Description 

This filter will protect 
your computer from two 


types of interference: line 
transients and RFI Tran¬ 
sients have many sources. 
Inductive loads, such as mo¬ 
tors turning on and off, will 
generate voltage spikes on the 
ac line. These spikes can be 
many times higher than the 
nominal 117 V ac. A nearby 
lightning strike can also 
cause a spike. Even turning 
your printer on or off can 
create a voltage spike. A 
subtle result of these tran¬ 
sients can be information 
scrambled in the computer's 
memory or, more seriously, 
blown 1C chips in your 
equipment 

To prevent these spikes 
from damaging devices 
on the ac line, three metal- 
oxide varistors (MOVs) are 
used. This device is a volt¬ 
age-dependent, symmetrical 
resistor which acts like back- 
to-back zener diodes. The 
MOV normally presents a 


high impedance across its 
leads. However, when a 
voltage spike is present the 
impedance of the MOV be¬ 
comes very low, providing a 
conducting path for the 
spike energy. The MOV can 
handle surges of up to 4500 
Amps at 175 volts. An MOV 
is used across the line and 
from each leg of the line to 
ground. This will shunt dam¬ 
aging spikes away from sen¬ 
sitive equipment. 

One word of caution is in 
order here. An MOV that is 
exposed to an extremely 
high energy pulse can over¬ 
heat and shatter You could 
protect each MOV with a 
ten-Amp fuse in series with 
it or omit the fuses and 
house the MOVs in a box to 
protect yourself in case of 
this unlikely event. I chose 
to allow the MOVs to self- 
destruct in their duty of pro¬ 
tecting my equipment. An 



This unassuming device could save you thousands of dollars. 
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Fig 1. Schematic diagram of the filter. 






Metal-oxide varistor 
Rf filter, 2x12 Amps 
@ 250 V ac 

Line cord 

Pilot lamp assembly 
DPST switch 
10-Amp fuse holder 
4” x 4” x 3” metal box 
Box extension (“mud ring”) 
Romex connector 
Duplex outlets 
Outlet cover 


MOV is still far cheaper than 
my computer. 

Computers are also af¬ 
fected by radio-frequency 
interference, or RFI. Rf ener¬ 
gy can enter the ac lines 
from your transceiver, a 
nearby lightning strike, or 
your neighbor's CB set. This 
stray rf can also wreak 
havoc with computer opera¬ 
tion. Likewise, computers 
generate quite a bit of RFI 
themselves. This can show 
up as noise on your receiver 
or television set. An rf filter 
takes care of RFI coming 
and going. A commercial rf 
filter available at a very rea¬ 
sonable price is used. It is 
rated at 12 Amps, which is 
well above my modest 
current draw. In my case, a 
very poor picture on my 
monitor was completely 
cleared up using this device. 

Construction 

I housed my filter in a 4" 
X 4" X 3" metal box used in 
house wiring. A box exten¬ 
sion, or "mud ring," is added 
to the front of the box so 
that the outlets will clear the 
rf filter. The filter and the 
fuse holder are mounted on 
the bottom of the box using 
4-40 hardware. A Romex 
connector is used as a line- 
cord strain relief. The MOVs 
are soldered directly to the 
rf-filter terminals. The du¬ 
plex outlets are screwed di¬ 
rectly into the box exten¬ 
sion. All of these details can 
be seen in the photographs. 
Since the filter is capable of 
handling 12 Amps, number 
14 or larger wire should be 
used throughout. 


Parts List 

RS 276-570 3 @$1.59 

Sprague J N10-2296A1, 3.95 

from Fair Radio Sales 
Lima OFI 

W14-3CG, from 2.00 

Fair Radio Sales 

RS 272-707 2.19 

RS 275-1546 2.69 

RS 270-739 .79 

hardware store 1.69 

hardware store .39 

hardware store .20 

hardware store 2 @ .39 

hardware store ,99 

$20.44 


For the best protection 
and for safety's sake, the 
green wire (grounding wire) 
must be securely fastened to 
the metal box. DO NOT 
OMIT THIS! If something 
should happen and a live 
wire comes in contact with 
the metal box, the green 
wire will cause the fuse to 
blow. Don't let sloppy 
twelve-volt construction 
habits leak in. This is 110 
volts ac and can be deadly if 
mishandled. Likewise, the 
ground screws on the out¬ 
lets and the rf-filter ground 
should also be securely fas¬ 
tened to the box. If your 
house still has the older two- 
wire outlets, I suggest build¬ 
ing this filter in a plastic in¬ 
sulated box to eliminate any 
shock hazard. 

Also, pay close attention, 
to the black and white wires 
of the line cord. Be absolute¬ 
ly sure that the proper color 
wire of the line cord makes 
it to the appropriate screw 
of the outlet. The white wire 
should eventually end up 
under the silver-colored 
screw of the outlet. The 
black wire should end up 
under the brass-colored 
screw. Don't get your wires 
crossed! If you have any 
doubt, consult your local 
electrician. Using the sche¬ 
matic, wiring should take 
but a few minutes. 

Checkout and Operation 

Using an ohmmeter on 
the high range, measure the 
resistance between each of 
the two pins on the outlet 
and ground. The reading 
should be infinite. The read¬ 


ing between the two pins 
of the outlet should also 
be infinite. Next, measure 
the resistance between the 
ground pin of the outlet and 
the case. The reading should 
be zero. Finally, check for 
continuity between the 
white wire of the line cord 
and the silver screw of the 
outlet. Ditto for the black 
wire and brass screw. Make 


sure that these wires are not 
crossed! 

Your computer and disk 
drives should be plugged into 
the filter. Your monitor and 
printer should be plugged 
directly into the wall outlet. 
That's all there is to it! Now, 
when an unannounced spike 
arrives at your door, simply 
shrug it off and keep on 
computing.! 



MODEL PK-1 wired & tested w/4K RAM $149.95 

Additional memory (up to 14K total) 10.00/2K 

Manual only—credited with purchase ’ 995 

(add $ 2.00 for shipping) 

RTTY adapter board 17.95 

Custom cabinet kit—includes on/off 

switch, LED pwr indicator, reset button & pwr jack 34.95 

Dimensions: 4.5 x 9.5 x 1.5 inches 

Pwr required: +12 VDC, approx. 200 ma. 

Contact GLB tor additional info and available options. 
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Give Your Micro the World 

There's no voodoo involved in analog-to-digital conversion. 

In fact , here’s a project for your TRS-80 that uses only two chips! 


Mike Avery AIK 
315 Logan 
Roland IA 5023b 



Fig. 1. Square wave. 



The completed unit. 


H ome computers are 
used for many applica¬ 
tions, from balancing check¬ 
books to defending civiliza¬ 
tion from the Klingon Em¬ 
pire All of these programs 
have a common characteris¬ 
tic: Important data must be 
included in the program it¬ 
self or entered from the key¬ 
board Manual data entry is 
tedious for long lists of data 
and impossible for voltages 
and other analog measure¬ 
ments that occur in real 
time 

The usual method of en¬ 
tering an analog value into 
the computer is the analog- 
to-digital integrated circuit 
(A/D) which converts a volt¬ 
age to a digital word that 
can be read by the comput- 



Fig, 2. A/D function flow¬ 
chart. 
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er. This approach has sever¬ 
al disadvantages. First, a 
rather complex integrated 
circuit is required to do the 
conversion. Second, the out¬ 
put of the A/D must be 
passed on to the computer 
through an 8-bit I/O port, 
which requires another com¬ 
plex 1C. Third, the expansion 
bus on the computer is tied 
up with the I/O port and is 
not available for other appli¬ 
cations (such as a RTTY ter¬ 
minal). 

The advantages of A/D cir¬ 
cuits will be discussed in the 
conclusion section of this ar¬ 
ticle. The capability for a 
simple A'D converter can be 
implemented on the TRS- 
80 IM Model III microcom¬ 
puter using only two ICs and 
the cassette port. The re¬ 
mainder of this article will 
describe the basic approach 
used and the hardware and 
software to construct a sim¬ 
ple computer voltmeter. 

Basic Concept 

The cassette port on the 
Model III TRS-80 microcom¬ 
puter is available as an input 





Fig. 3. The circuit performing the voltmeter functions. 


or output device and can be 
accessed with the Basic 
command INPfx) or OUT(x). 
The data obtained from the 
cassette port is in binary for¬ 
mat, that is, either a 0 or a 1, 
seemingly not very useful in 
measuring an analog signal. 
However, if the signal into 
the cassette port is a square 
wave, as illustrated in Fig. 1, 
then more useful data can 
be obtained. 

If the time that the input 
port is in the 1 state can be 
measured, then the period 


(P) of the square wave (and 
frequency, since f = 1/P) 
can be determined. To use 
the cassette port to measure 
a voltage, the signal must be 
changed to a square wave 
with a frequency that is pro¬ 
portional to the voltage. For¬ 
tunately, an integrated cir¬ 
cuit exists, the 9400 V/F con¬ 
verter, which is designed 
specifically for that func¬ 
tion. The concept used to 
implement the A/D function 
is given in flowchart form in 
Fig. 2. 


00160 

00170 STATE1 
00180 
00190 
00200 
00210 
00220 

00230 STATE2 
00240 
00250 
00260 
00270 
00280 
00290 


The circuit that performs 
the hardware functions of 
the simple voltmeter is 
shown in Fig. 3. The heart of 
the system is the 9400 volt- 
age-to-frequency (V/F) con¬ 
verter. This chip can be 
wired for a variety of appli¬ 
cations including V/F, F/V, a 
frequency-shift keyer, and 
more. In this application, 


the input voltage is convert¬ 
ed to current by the input re¬ 
sistor and sent to pin 3. The 
output at pin 10 is a square 
wave of about 50 mV. This 
signal is boosted to approxi¬ 
mate TTL (0-5-V) levels by 
the first section of a dual- 
741 operational amplifier 
The second section is used 
to produce a waveform sym¬ 
metrical about zero, which 
is required by the Model III 


here is the next generation Repeater 

MARK 4CR . 


The only repeaters and controllers 
with REAL SPEECH! 


No other repeaters or controllers match 
Mark 4 in capability and features. That's 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message Master™ real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 


MICRO CONTROL SPECIALTIES 


Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (617) 372-3442 


Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 








10 CLEARS DIM DA (30),DT(30),DB(30),TX(30),TV(30) 

20 FOR 1= -136 TO -108: READ X:POKE I,X:NEXTI 

30 DATA 175,33,0,0.219,255,230,1,95,219,255,230,1,187 

40 DATA 40,249,95,175,35,219,255,230,1,187,40,248,195,154,10 

50 DEFUSRl=tiHFF7B 

60 CLS 

70 N0=0 

GO ’ 

90 ’ 

100 INPUT" ENTER VOLTAGE (-1 TO EXIT)";E 

110 IF E»-l THEN 180 

120 N0=N0-*1 

130 DB(NC>)=E 

140 GOSUB 310 

150 DA(NO)=DA 

160 GOTO 100 

170 * 

180 FOR 1-1 TO NO: T X(I>“DB(I)I TV(I)=DA(I> s NEXTI 
190 GOSUB 340 
200 ' 

210 CLS 

220 PRINT"POWER CURVE CONSTANTS ARE: A=":AO;" B= ";B0 
230 INPUT"SET VOLTAGE AND HIT CENTER?“;T* 

240 GOSUB 310 

250 T1=L0G(DA/AO)/BO: V=EXP(T1> 

260 PRI NT"VOLTAGE - "!V 
270 GOTO 230 
280 ’ 

290 ' 

300 A=USR1 (X ) : RETURN 

310 SUM=0:FOR 12= 1 TO lOl GOSUB 300: GOSUB 320: NEXTI2:DA=SUM/10:RETURN 
320 SUM=SUM*A:RETURN 

330 ’ 

340 ’ *** SUBROUTINE TO DO LEAST SQUARES FIT *** 

350 ’ 

360 * DATA IS INPUT AS ARRAY TX() TYO AND NO AS # OF VAL 
370 * 

380 Z=0:Z1=0:Z 2=0:Z 3=0 

390 FOR 10=1 TO NO 

400 Z=Z+ LOG(TX(10)) 

410 Z1=Z1+ LOG(TY(10)) 

420 Z2=Z2+ (LOG(TX(I0)))C2 

430 Z3=Z3+ (LOGITX(10))> * <LOG(TY(10)> > 

440 NEXT10 
450 ’ 


470 * NOW CALCULATE POWER CURVE CONSTANTS 

480 ’ 

490 AO = Z1/N0-(Z*Z3-ZC2*Z1/N0>/(N0*Z2-ZC2> 

500 BO = (Z3-Z»Z1/NO)/(Z2-ZC2/NO> 

510 AO » EXP(AO) 

520 RETURN 


Program listing 2. 


cassette-input circuitry. The 
lOOk-Ohm potentiometer is 
used to provide an input 
voltage for testing or offset. 

Any construction tech¬ 
nique should work as long as 
neatness and minimum- 
lead-length guidelines are 
followed. Two 9-V transistor 
batteries are used for the 
power supplies and should 
provide many hours of oper¬ 
ation. One disadvantage of 
the 9400 1C is that the input 
voltage and output frequen¬ 
cy are related by a power 
curve. This problem can be 
solved by using software. 

Software 

The programs needed to 
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implement the computer 
voltmeter are straightfor¬ 
ward. A short machine-lan¬ 
guage routine that counts 
the period of the square 
wave is given in Program 
listing 1. The important parts 
of the program are the two 
loops, marked by STATE1 
and STATE2. The first loop 
waits until bit 0 of port FF 
(the cassette port) changes 
state. The second loop tests 
the port for the same condi¬ 
tion but increments a count¬ 
er before each test The final 
count is passed back to a 
Basic program using a state¬ 
ment such as A = USR(x). 

The Basic Program listing 
2 first POKEs the machine- 


language program into the 
top of memory (48K ma¬ 
chine) and sets the disk Ba¬ 
sic USR address. For a 16K 
non-disk system, the follow¬ 
ing lines should be changed: 
20 FOR 1=16351 TO 16380: 
READX:POKEI,X:NEXTI 
50 POKE 16526,223: 

FOK El 6527,63 
300 A = USR(X):RETURN 
Don't forget to protect the 
upper memory before run¬ 
ning the program (use a 
value of 65400 for the disk 
version and 16300 for the 
16K version). 

The relationship between 
the measured period and 
the input voltage is nonlin¬ 


ear and follows a power 
curve, that is, a function of 
the form: period = a*(volt- 
age)exp(b). 

The program starts out by 
acquiring a number of cali¬ 
bration points. The voltages 
can be obtained using the 
potentiometer shown in the 
circuit diagram. The best re¬ 
sults were obtained when 
calibration voltages were 
from 0.5 V to 2.5 V in about 
0.25-V increments. Line 220 
prints the constants on the 
screen and lines 230 to 270 
are used to calculate an un¬ 
known input voltage 

Since the V/F relationship 
is a power curve, voltages at 
the high and low ends of the 
9400's range are not mea¬ 
sured as accurately as 
values in the middle of the 
range. When input voltages 
were held to the range men¬ 
tioned above, measured un¬ 
known voltages were within 
±10% of the actual values 
Input voltages can be kept 
within those limits by add¬ 
ing a 0.5-V offset voltage to 
the input (using the poten¬ 
tiometer) and limiting the in¬ 
put to 2.0 V using voltage di¬ 
viders or operational ampli¬ 
fiers. 

Conclusion 

By no means is this circuit 
designed to be a high-accu- 
racy A/D. The main thrust of 
this article has been to illus¬ 
trate how an A/D converter 
can simply and with very lit¬ 
tle effort be added to a com¬ 
puter system. The nonlinear 
response of the system lim¬ 
its its accuracy. Traditional 
A/D converters are linear, 
provide better accuracy, 
and can be much faster 

This is not to say that this 
application is worthless! 
The number of potential ap¬ 
plications is limited only by 
the imagination. For exam¬ 
ple, the output of a weather 
station could be monitored 
and weather data plotted 
out The system also will 
provide a useful addition to 
the computerist who wishes 
to dabble in hardware inter¬ 
facing.! 
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NEVER SAY DIE 

editorial by Wayne Green 


from page 4 

And remember that with 
Reagan boss for tour more 
years, we have to live with the 
mess we’ve made. And we've 
made the mess, not the FCC. 

The Commissioners were 
right in their perception of the 
problem and probably right in 
their attempt to solve it. They 
just couldn't conceive that the 
League could be so blind as to 
destroy the hobby rather than 
let it grow. 

I've talked with most of the 
Commissioners at length and 
what has happened Is not the 
result of any misunderstand¬ 
ing. They understand amateur 
radio better than most ama¬ 
teurs and my hat Is off to them 
for doing their homework. 

They recognize that today 
amateur radio is no longer pro¬ 
viding the services for which it 


was chartered (see 97.1). They 
see it. all too clearly, as a small 
elitist group of aging men, 
largely retired, who want to pre¬ 
serve their fun and keep new¬ 
comers out. 

They know our incredible 
past record of inventing and 
pioneering new modes of com¬ 
munications, but they also 
know that this aspect of the 
hobby died out twenty years 
ago when the League proposed 
to take away phone privileges 
from 85% of the hams. 

For twenty years the hobby 
has lived on its old glory. Now 
amateur experimenting and pio¬ 
neering are virtually dead. In¬ 
deed, this is the realm of the 
younger ham, not the old-timer, 
and we have almost no young 
hams these days. Just go to a 
hamfest or a club meeting and 
you'll see for yourself. 

The lack of youth on our 
bands has helped to develop 



cliques among the old-timers. 
Today we hear foul language on 
our bands that was completely 
unknown twenty years ago. We 
hear organized groups of jam¬ 
mers on service nets and re¬ 
peaters. Indeed, you'll be hard 
put to find CB anywhere in the 
country as bad as some of the 
stuff we hear on our ham bands. 

Complaints to the FCC? Make 
me laugh! They now taunt us 
with our once proud claim of be¬ 
ing the number one self-policing 
radio service. Old men don't 
seem to have much fighting 
spirit, so when another cranky 
old man gets on the air and 
louses it up, the first old man 
just turns his rig off and calls 
the FCC, only to find they really 
don't care. Youngsters would 
get their bile up and make it 
their business to do something 

How many of you reading 
this can remember when you 
had pride in being an amateur? 
We were damned good commu¬ 
nicators! We built ham gear 
and we had a ball. I built my 
first narrowband FM rig back in 
1948 and helped pioneer that 
new mode. I got fascinated by 
digital communications then 
and built my own RTTY equip¬ 
ment. 73 was founded on the 
basis of helping hams to design 
and buiid new equipment—to 
cope with the changing tech¬ 
nology. We were in there first 
with SSB and then with solid 
state. What magazine made re¬ 
peaters happen as a world phe¬ 
nomenon? If you don’t know, it 
was 73, and with zero help from 
any other magazine. 

Now what do we build? What 
have you built lately? Are you 
on OSCAR? Are you on RTTY? 
Packet radio? Are you going to 
try spread-spectrum? 

Sure, there are a few old- 
timers who have devoted their 
lives to getting QSL cards from 
over 300 countries. A fat lot of 
karma in that! What a waste of a 
life! That’s no more valuable 
than going to your grave know¬ 
ing the ratings of ail the major- 
league players. Phooey. 

Good karma? There’s lots of it 
ar nd. Just get some young¬ 
sters into our dying hobby, 
that's all. I’ve bee to a couple of 
ham clubs recently giving talks 
and they were proud that they 
had chased ail of the kids out. 
Bunch of old men ail agreeing 
that no one should get a ham 
ticket without the code, yet 
most of 'em bitterly oppose any 
move to check to see if they still 


remember the code, which many 
don’t. 

Can your bunch of old fogies 
get a ham club started in a local 
high school? Wait until you hear 
all the excuses from OMs too 
busy for that. 

No, the Commissioners were 
right on the beam when they 
decided that amateur radio had 
outlived its usefulness. Unless 
you personally do something 
which will help to change what 
is happening, ail you are going 
to see for the next few years is 
one ham band after another go¬ 
ing away. 

Put yourself in their seat. 
Would you squander a public 
resource worth billions on a 
bunch of old men who are using 
it for a useless hobby? Heck, we 
aren't even a major market for 
ham gear—most of which is be¬ 
ing made in Japan these days. 
We're just making the balance- 
of-payments situation worse. 

Shall we have a short com¬ 
memorative prayer for Halii- 
crafters, Hammariund, John¬ 
son, Gonset, Central Electron¬ 
ics, Harvey Wells, Webster, 
Swan, Galaxy, WRL, Sideband 
Engineers, Eldico, and Lake- 
shore Industries? 

We haven’t invented anything 
in twenty years. We are no long¬ 
er of value as a source of trained 
technicians for the military in 
time of war. Tell me about inter¬ 
national friendship—that is, if 
you can take your hand off the 
mike button in that piieup for a 
moment. 

You, on the repeater, would 
you mind telling me again where 
you are located? That was the 
high point of your endless trans¬ 
mission and I was dozing off 
when you mentioned it—just 
before the jammer with the bor¬ 
ing supply of four-letter words 
broke in. 

I’m trying to get high-tech 
hobby clubs started in high 
schools. I've donated groups of 
computers to two local schools 
and they are both going great 
guns. High-school ham clubs 
don’t even need equipment—all 
they need is encouragement 
and to have local hams come In 
and teach them the code and 
theory. They need a weekly 
meeting and pep talks about the 
excitement of the hobby. I'm In¬ 
volved in my town; how about 
you? Too busy? 

Oh, I'm working on the nation¬ 
al level, too. I'm on the advisory 
group for Senator Humphrey, I 
talk with the FCC Commis¬ 
sioners, I talk with Senator Gold- 
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water, and so on. How about 
you? Have you ever visited your 
Congressman and asked him to 
help get ham clubs into every 
high school in your state? Have 
you discussed this with your 
governor? I've talked my gover¬ 
nor's ear off on the subject, and 
he's very interested. I’ve also 
talked with the governors of 


Vermont and Maine. How about 
you? What are you doing? 

You’ll find politicians inter¬ 
ested in your ideas. They are so 
used to pressure groups com¬ 
ing to them demanding govern¬ 
ment support that someone 
asking for something which 
costs nothing is a novelty. 

So there you have it. If you’ll 


devote 5% of your hamming 
time to interesting youngsters, 
to getting a ham club going in 
your local school, to talking 
with your governor, congress¬ 
men, and senators, we could 
have our hobby moving ahead 
in a couple of years. If you don't, 
it could easily blow away in the 
same time. 


Do you really think that the 
major communications firms 
are not well aware of how weak 
we are? They can make billions 
using our channels, so you bet¬ 
ter believe that this has their at¬ 
tention and that they are willing 
to spend whatever it takes to get 
rid of us. 

It’s up to YOU. 



























































73 INTERNATIONAL 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign corre¬ 
spondents, we present the lat¬ 
est news in DX, contests, and 
events, as well as keep you 
abreast of the technical 
achievements of hams in other 
countries. 

If you would like to contribute 
to your country’s column, write 
to your country’s correspondent 
or to 73; Amateur Radio’s 
Technical Journal, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KK2Y. 


* 

S^l 1 ^* * 
* * 


AUSTRALIA 

Altona 3018 



HIGHLIGHTS FROM THE YEAR 



Membership and Services 

numbers have actually shown a slight per- 

1982/3 economic policy has been a large 
contributing factor. 






money goes on postage because up until 

IRCs for return postage with request let¬ 
ters sent abroad.] 















culated duration of the journey, and hav- The Paraty's arrival in Salvador will be close to 20/30 September 
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(class A, B, C, D). These can work only In 
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About three years ago I built a CMOS 

Science magazine. The probe uses a 



J.Y. Lem KB8B0 
5222 Corlnga Drive 
Los Angelas CA 90042 


MOVING? 

Let us know 8 weeks in advance so that you won't 
miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 

Subscription Department 
Amateur Ratio’s P.0 Box 931 

m ® Technical Journal Farmingdaie N Y 11737 

ar for only $19.97 


If you have no label handy , print OLD address here. 


Address_ 

City_ State_ 


! S'I H address here 


Address_ 
City_ 


v__ 
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USING THE AO-10 APOGEE PREDICTIONS 
































. TU 470 Full Featured 

I RTTY/CW Terminal Unit 
Call For Special Prices 
1 800-HAMRTTY 
.0. BOX 976 • TOPEKA. KS. 


RTTY FACTORY^ 
INVENTORY REDUCTION SALE 

• DM 170 • TU 170 • TU 170A • TU 1200 
• TU-470 • All Reduced For Big Savings 
Call Today 1 800 HAM RTTY 
FLESHER CORP. • P.0 BOX 976 • TOPEKA. KS. 


TRS80* RTTY/CW 


W RTTY TODAY 

MODERN GUIDE TO AMATEUR RADIOTELETYPE 



coaxial R. F. 

antenna switches 


# 


Heavy Duly switch for true 

1 Kw POWER - 2 Kw P.E.P. 

Single Pole. 3 Position 
Desk or wall mount 
All unused positions grounded 

# 593-UHFconnectors/ $27.25* 

# 596 - BNC connectors / $36.50 ' 

2 Pole, 2 Position, bypasses 
linears. reflectometers, antenna 
tuners, etc 

#594 - UHF connectors / $34.25 * 

Single Pole, 5 Position, ail unused 
positions grounded 
#595 - UHF connectors / $32.00’ 
#597 - BNC connectors/ $46.50’ 


ALL OUR PRODUCTS MADE IN USA 

BARKER & WILLIAMSON 
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SPECIFICATIONS QRV-1 


All Solid state construction 
Four-place digital display 
No tune-up 
Full break-in CW 

internal adjust CW sidetone volume 

‘S' meter lor receive and transmit 

5 watts power output CW 

Battery operation possible due to low current 

consumption 

Transmitter spurious emissions all down 40 DB 

Direct conversion receiver 

CW narrow and wide positions lor receive 

Receiver sensitivity. 0.5 uV lOdbsn/N 

IDEAL AS A BEGINNER’S RIG/WONT BUST YOUR 

POCKET BOOK! _ 


DENTRON 


Div. of Collco Electronics, Inc. 

223 North Michigan Avenue - P O Box #848 
Edgerton, Ohio 43517 
419-298-2346 

Out Ot State Call Toll FREE 1 800-922 6898 ■'287 


neauM« ai ^ 


Call Toll Free 800-221-0860 
Tubes 


3-4 OOZ.$85.00 

3- 500Z.85.00 

4- 400A.80.00 

4CX250B.55.00 

572B.55.00 

811A.12.00 

813.30.00 

6146B.7.00 

6360.4.25 

6883B.6.75 


7360.$10.00 

7735A.27.50 

8122.110.00 

8156.12.50 

8643.82.50 

8844.26.50 

8873 .175.00 

8874 .195.00 

8877 . 495.00 

.. 12.50 


Semiconductors 

MRF 245/SD1416. $30.00 MRF644 . $23.95 

MRF 454. 14.95 SD1088 19.95 

MRF 455. 10.95 2N3055.95.00 

2N6084.12.50 

RF Connectors 

PL259.10/$4.95 M358.2.50 ea. 


PL258.10/8.95 

UG175/176.10/1.60 

UG255/U.2.50 ea. 

UG273/U.2.25 ea. 

$3.00 




M359.1.75 ea. 

Type “N" Twist on 
(RG8/u).$4.75 ea. 

Minimum Order $25.00 
min. for UPS charges 


COMMUNICATIONS, Inc. 

2115 Avenue X Brooklyn, NY 11235 
V since 19?? Phone (212) 646-6300 
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■ Fits inside most HF-SSB transceivers 

■ Requires human voice to activate. 

■ Ignores static, noise and heterodynes. 

• On/off switch only—no adjustments! 

• Connects to audio leads and 9/12 VDC. 

• Fully assembled and tested $99.95, 

• Complete with comprehensive manual. 

• Used worldwide in commercial and military 
transceivers. 


r COMMUNICATIONS, 5479 Jetport, Tampa. FL 33614 • (813) 885-3996 
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scoring single operator in each ARRL sec¬ 
tion and OXCC country, and to the top- 


ARRL 10-METER CONTEST 
Starts: 0000 UTC December 8 
Ends: 2400 UTC December 9 


Listening time counts as operating time! 
Entry categories include: single-operator 
mixed-mode (phone and CW), phone only, 
or CW only. Multi-operator class is for sin- 


LONG ISLAND I 
RADIO CLUB Inc. 


IOBILE AMATEUR 


LIMARC 


LOG 


G-QRP-CLUB WINTER SPORTS 

Daily from 0900 to 2300 UTC, December 
ested in QRP are invited to take part in the 

provided by the club. The operating 
0900-1000 UTC * 14060 


od. All entrants may transmit only one sig¬ 
nal on the air at any given time. 


full of stories and tidbits that are just plain fun to read. A recurring theme among 
provide a steady source of income for the club and will result In a high-quality 


highlight news and add excitement. The extra price is worth it—a well-presented 
newsletter will cause your membership roster to grow quickly! 

To enter your club's newsletter in s Newsletter of the Month Contest, send 


4TH ANNUAL 40-METER 
WORLD SSB CHAMPIONSHIP 
0O00Z to 2400Z January 12 































Total OSO points times total multiplier 
lints equals claimed score 


4TH ANNUAL 75-METER 
WORLD SSB CHAMPIONSHIP 
0000Z to 2400Z January 13 



EA5CVR 

VE6ZX 

ON7EP 






SM6ASD Twenty and fifteen meters exceeded everything J have experi¬ 
enced so far in RTTY contesting. Fantastic activity! I definitely 
look forward to the years ahead. 

WP4AVW/EA4 My very first contest. 

CT1AV Thanks for the test. I am ready for 1985! 

6W3EHN Had power failure. There's always next year—I hope. 

GU6JST Glad to activate Guernsey on RTTY. 

WB3FIZ Good DXIng. Both the wife (KA3GIK) and I thoroughly enjoyed It! 

K8EX This is our second year. A good time was had by all. 

As Dee Crumpton N6ELP, RTTY Journal editor, and her staff put It, "It was fun, 

again, anytime." 

Our special thanks to Dee and the staff! Without the RTTY Journal behind this 
It's getting bigger and better each and every year. See you all next February for 









































1ST ANNUAL 15-METER 
WORLD SSB CHAMPIONSHIP sponsored 
0000Z to 2400Z January 26 n. Amateu, 


1ST ANNUAL 20-METER 
WORLD SSB CHAMPIONSHIP 
0000Z to 2400Z January 27 
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4S0TR0N ANTENNAS 

BIG ON PERFORMANCE 
SMALL ON SPACE 

MODELS FROM 160-10 METERS 

NO TUNERS! NO RADIALS! 

PERFECT FOR LIMITED SPACE 
APPLICATIONS; BOATS, APARTMENTS. 
VACATION HOMES AND MORE. 

80-METER.$63“ plus $4* Shipping 

♦40-METER.$52“ plus $3" Shipping 

ASK FOR PRICES ON OTHER MODELS 
•SEE REVIEW IN OCTOBER 73 

BILAL COMPANY 

S.R.2, BOX 62, DEPT. 73 
I EUCHA. OK 74342 (918) 253-4094 
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Propagation 

Jim Gray W1XU 
73 Staff 


EASTERN UNITED STATES TO: 
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A = Next higher frequency may also be useful. 
B = Difficult circuit this period. 

G = Good, F = Fair, P = Poor. 


DECEMBER 


1 

G 

2 

G 

3 

G 

4 

F 

5 

p 

6 

F 

7 

G 

8 

G 

b 

F 

10 

G 

tl 

G 

12 

G 

13 

F 

14 

F-P 

15 

p 

16 

F 

17 

G 

18 

G-F 

19 

F-P 

20 

p 

21 

p 

22 

F 

23 G 
30 F 

24 G 
31 f-G 

25 

F 

26 

G 

27 

G 

28 

G 

29 

G-F 
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